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PROJECT SUMMARY/ABSTRACT 

In the 2010 guidelines for newborn resuscitation, the International Liaison Committee on Resuscitation 
(ILCOR) identified gaps in knowledge, for both preterm and term infants. The gaps are the optimal maneuvers 
to inflate and ventilate the lungs at birth. The initiation of ventilation at birth is unique because the fetal lung 
must transition rapidly from fluid filled airspaces to a gas exchange, and ventilation with positive pressure at 
birth causes airway epithelial injury which progresses to diffuse lung inflammation. Although the lung injury is 
initiated with ventilation at birth, it takes time for markers of injury to develop. To overcome the confounding 
effects of continued ventilation, we developed a fetal sheep model of newborn resuscitation that maintains 
placental circulation, thus allowing us to isolate and evaluate resuscitation maneuvers designed to reduce lung 
injury during the transition to air breathing at birth. These maneuvers are difficult to evaluate in the clinical 
setting because of the necessities to resuscitate without focusing on single components of the procedure, the 
great variability in the clinical status of infants, and the need to continue support beyond the specific 
intervention. Clinicians routinely introduce new treatments, such as a sustained inflation, into newborn care 
without knowledge of benefits or potential for injury. The goal of this grant is to identify the safe and useful 
recruitment maneuvers for newborn resuscitation in preterm and near-term lambs, evaluations that cannot be 
easily assessed clinically. We will measure early response gene expression that activates inflammatory 
pathways and the location of expression of the inflammation within the lungs of preterm and term lambs. We 
also will test whether the severity of lung injury is dependent on gestational age (GA), and whether different 
acute phase injury pathways are activated during initiation of ventilation of very preterm, moderately preterm 
and term lungs. We will also validate protective strategies and potential therapeutic pathways in preterm 
newborn lambs ventilated for 4 and 24 hours. By combining a reproducible lamb model of resuscitation with 
advanced molecular techniques, we will determine:  1) which lung gas volume recruitment maneuvers will 
minimize injury, 2) how lung injury from resuscitation maneuvers differs based on the developmental stage of 
the lungs, and 3) if an optimum initiation of ventilation will result in decreased amplification of lung injury with 
continued ventilation. These innovative studies will define the molecular and physiologic responses to 
recruitment maneuvers in preterm and near-term lambs, resulting in new insights into how injurious pathways 
progress to acute and chronic lung disease. The results also will allow us to identify potential treatment targets 
and biomarkers for the field. These studies will provide a scientific basis for ILCOR recommendations for 
clinical practices that are very difficult to verify by clinical trials. 
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Although approximately 10% of all newborns and the majority of very low birth weight preterm 
infants need some assistance to breathe at birth, the optimal maneuvers to inflate and ventilate 
the lungs have not been defined. It is easy to injure the preterm lung at birth and mechanical 
ventilation contributes to the long term disability in very preterm infants. These studies will 
determine beneficial lung recruitment maneuvers for both term and preterm infants, and 
advance our knowledge on inflammatory pathways activated by ventilation at birth. 	
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FACILITIES and RESOURCES – CINCINNATI 

Laboratory: The biochemistry, molecular biology, cell biology, protein analysis including immuno histology and 
morphological analyses will be performed in Drs. Jobe, Hillman, and Kallapur lab at the Children’s Hospital research 
Foundation (CCHRF).  We use an 800 sq. ft. lab in the Division of Pulmonary Biology on the 4th floor of the Cincinnati 
CCHRF). The 4th floor houses several laboratories of Division of Pulmonary Biology, including Dr. Whitsett’s laboratory that 
studies airway injury in transgenic mice. The laboratory culture is for free access to reagents and techniques and open 
scientific discussion, which greatly enhances the quality of work proposed. The lab is fully equipped to run standard 
molecular biology assays, FACS analysis, protein assays and have high speed centrifuges, PCR machines, waterbaths, - 
20oC freezers, -70oC freezer, fume hood and radiation work area. The lab is next to the Pulmonary Biology core 
morphology and cell culture facilities to we have complete access. The laboratory space and work environment is 
conducive to the proposed experiments. 

Animal: The animal work will be performed in Australia. There also are facilities at CCHMC for pilot experiments and 
proof of concept studies. Any Cincinnati based animal work will be performed in AALAC approved animal care facilities of 
CCHRF on the 7th floor directly above the wet lab space. There is also a 1000 sq. ft dedicated space where preterm lamb 
ventilation, physiologic measurements and surgeries can be performed.  

Computer: All Cincinnati key personnel have Macintosh networked computers in the offices connected to the CCHMC 
and the University of Cincinnati. The department of Information Services at CCHMC is available for consultation. All the 
laboratories have computers and workstations with appropriate software for FACS analysis graphics morphology and 
morphometry. 

Office: Dr. Jobe has a 120 sq ft. independent office on the 4th floor of CCHRF adjacent to the laboratory land adjacent to 
the Kallapur and Hillman offices, as well as other faculty members of the Division of Pulmonary Biology and Division of 
Immunology. 

Clinical: Although no clinical work is proposed here, Dr. Jobe’s office is adjacent to offices of several clinical and 
research faculty of the division of Neonatology.  This allows informal discussions and enhances interactions leading to 
better clinical relevance of the experimental design.  

Other: Work involved in this project will be performed in core laboratories that have expertise in gene expression analysis 
and information, morphology and cell culture core. This improves efficiency of work. 

FACILITIES and RESOURCES – AUSTRALIA 

Laboratory - The facilities include an AQIS approved large sheep shed on the Shenton Park campus of the Univ. of 
Western Australia for animal work not involving recovery surgery. The large animal facility on the UWA campus has 
dedicated animal space and adjacent laboratory facilities and  includes surgical theatre suitable for the proposed studies. 
The research station has ample pasture for feeding pregnant ewes. We will have unencumbered access to the facility and 
have used these facilities for the past several years. The surgical necropsy and immediate tissue processing as well as 
surgeries are performed here.  

Animal: Sheep for the project will be managed by the University of Western Australia (UWA). Ewes in good condition are date-
mated according to our requirements, scanned by ultra-sound to confirm singleton pregnancies and transported to the 
research station. 

Computer: All computer facilities and onsite support required for this project are available within the offices of the 
University of Western Australia's school of Women's (UWA) Health Perinatal Research Laboratories which are run by Dr. 
Newnham. 

Office: Dr. Newnham has independent office space in the UWA as the head of division of Obstetrics and Gynecology. Dr. 
Kemp is the Director of the UWA Large Animal Facility and has his office, a separate fully equipped laboratory 
and computers, there.  His lab is a P2 facility with complete tissue culture and processing capabilities.  Office space 
within the premises of UWA School of Women's and Infants' Health. Perinatal research laboratories are available to 
Dr. Jobe and other traveling faculty investigators for this project.  
Clinical: N/A 

Other: 
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EQUIPMENT  
Cincinnati -The core facilities of the Division of Pulmonary Biology are housed on the 4th floor of the CHRF 
adjacent to the laboratory space and are available to all investigators. We will use the core morphology and 
core cell culture facilities , both of which are fully equipped.  Shared equipment includes 3 flow cytometry 
machines including flow sorting abilities, a confocal microscope, light and fluorescent microscopes equipped 
for morphometry, a laser capture facility, equipment for measuring and imaging RNA and DNA, fluorescent and 
non-fluorescent plate readers, ELISA reader, X-ray film processor, low speed centrifuge, tissue culture facility, 
liquid nitrogen cryostorage system, a cold room with walk-in refrigerator and -20oC freezer rooms, vacuum 
oven, gel dryer system, incubator shakers, a cytocentrifuge, ultracentrifuges, autoclave, liquid scintillation 
counter and UV crosslinker. Molecular Dynamics Phosphorimaging system and computer workstations are 
available as shared facilities housed on the 3rd floor and 4th floor of the CHRF. In add  ition a fully equipped lamb 
intensive care unit including a portable ultrasound machine is housed on the 7th floor of the research 
space. The veterinary services in Cincinnati have sheep housing and a large animal care facility.  All the 
equipment needed for the proposed experiments are already present in Cincinnati. 

Perth, Australia – The Research station at the University of Western Australia has equipment for ultrasound 
machine, centrifuges, surgical theatre, freezers, mechanical ventilators, resuscitation beds, microscopes, blood 
gas machine and all other associated necessary equipment needed for fetal surgery, fetal ventilation, 
delivering ewes and tissue processing. The wet laboratory space has a flow cytometer, fluorescent and non-
fluorescent plate readers, centrifuges, refrigerator, freezer, autoclave and other standard laboratory equipment. 
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BIOGRAPHICAL SKETCH 
Provide the following information for the key personnel and other significant contributors. 

Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 

NAME 
Jobe, Alan H., MD, PhD 

POSITION TITLE 
Professor of Pediatrics 

eRA COMMONS USER NAME 
AHJobe 
EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.) 

INSTITUTION AND LOCATION DEGREE 
(if applicable) YEAR(s) FIELD OF STUDY 

Stanford University, Stanford, CA B.A. 1967 Biology 
Univ. of California, San Diego, CA M.D. 1973 Medicine 
Univ. of California, San Diego, CA Ph.D. 1973 Cell Biology 

A.  Personal Statement 
 I have had consistent funding from NIH to explore lung maturation and disease in the preterm.  This work 
has evolved from an initial focus on surfactant function and metabolism to modulators of lung maturation.  I 
extensively studied the effects of antenatal corticosteroids and thyroid axis hormones on the developing lung.  
More recently the focus has been on the lung inflammation pathway to maturation and injury of the preterm.  I 
have a 20 year collaboration with colleagues in Western Australia to develop models of fetal inflammation that 
include intra-amniotic LPS and live Ureaplasma to model chorioamnionitis in fetal sheep.  The focus on the 
fetal lung has expanded to studies of the fetal inflammatory response syndrome and modulation of innate 
immunity in the fetus.  As part of the interest in fetal/neonatal responses to inflammation, we are exploring lung 
injury resulting from neonatal resuscitation/ventilation practices.  As clinical correlates, we presently are 
evaluating potential effects of fetal exposures to infection in late-preterm infants. I also am the PI for the 
Cincinnati site for a 5-site project to identify biomarkers of BPD.  This research proposal is a direct 
collaboration between me and Noah Hillman, MD, who is in the third year of 5 years of K08 support from 
NHLBI.  This work on airway injury and repair is directly relevant to our clinical projects on lung outcomes of 
late preterm infants and to identify biomarkers and outcomes of very preterm infants. 
B.  Positions and Employment 
1973-1975 Pediatric Intern & Resident, University Hospital, UCSD 
1975-1977 Neonatology Fellow, University Hospital, UCSD 
1977-1997 Assistant, Associate, and Professor of Pediatrics, Harbor-UCLA Medical Center 
1995-1997 Joseph W. St. Geme, Jr. Professor of Pediatrics - UCLA School of Medicine 
1997-Present Professor of Pediatrics, Univ. of Cincinnati, Children’s Hospital Medical Center, Cincinnati, OH 
Other Experience and Professional Memberships 

Human Embryology and Development Study Section, 7/83-6/87 
Chairman, Pediatrics Assembly of American Thoracic Society, 1987 
President, Society for Pediatric Research, 1990 
Chairman of Steering Committee for NICHD Neonatal Network, 1996 – 2006 
Secretary-Treasurer – American Pediatric Society, 2003-2009 
Member – American Board of Pediatrics – Neonatal Section, 1999 – Chair, 
2003-2004 National Advisory Child Health and Human Development Council, NIH, 
2003-2007 Chairman, Steering Committee for NICHD Global Research Network, 
2009 to present Honors 
Research Career Development Award, NICHD, 1983  
E. Mead Johnson Research Award, American Academy of Pediatrics, 1986 
Alvo Ylppö Medal for Pediatric Research, Finnish Pediatric Societies, 2002 
Institute of Medicine of National Academy of Sciences - USA - 2007 
William Silverman Lectureship - American Academy of Pediatrics, 2009 
Thomas Hazinaki Distinguished Service Award from Society for Pediatric Research, 2010. 
Virginia Apgar award from the American Academy of Pediatrics, 2011. 
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C. Selected publications (from 313 peer-reviewed publications and 177 Chapters and Reviews) 
1. Hillman, N., Polglase, G.R., Pillow, J.J., Saito, M., Kallapur, S.G., and Jobe, A.H.  Inflammation and lung
maturation from stretch injury in fetal preterm sheep.  Am. J. Physiol., 300:L232-L241, 2011   PMID: 20134485 
2. Kallapur, S.G., Kramer, B.W., Knox, C.L., Berry, C.A., Collins, J.J.P., Kemp, M.W., Nitsos, I., Polglase, G.R.,
Robinson, J., Hillman, N.H., Newnham, J.P., Chougnet, C., and Jobe, A.H.  Chronic fetal exposure to 
Ureaplasma parvum suppreses innate immune responses in sheep.  J. Immunol. 187: (Epub ahead of 
print), 2011.  PMID: N/A 
3. Kallapur, S.G., Kramer, B.W., Nitsos, I., Pillow, J.P., Collins, J.J.P., Polglase, Newnham, J.P., and Jobe,
A.H.  Pulmonary and systemic inflammatory responses to intra-amniotic IL-1 alpha in fetal sheep.  AJP 
Lung (Epub ahead of print). 2011. 
4. Kunzmann, S., Collins, J.J.P., Yang, Y., Uhlig, S., Kallapur, S.G., Speer, C.P., Jobe, A.H., and Kramer, B.W.
Antenatal inflammation influences caveolin-1 expression and associated cellular signaling pathways in 
preterm lungs.  Submitted. 
5. Pillow, J.J., Musk, G.C., McLean, C.M., Polglase, G.R., Dalton, R.G.B., Jobe, A.H., and Suki, B.  Variable
ventilation improves ventilation and lung compliance in preterm lambs.  37:1352-1359, 2011.  PMID: 21567115 
6. Wolfs, T.G., Kallapur, S.G., Polglase, G.R., Pillow, J.J., Nitsos, I., Newnham, J.P., Chougnet, C.A.,
Kroon, E., Spierings, J., Williams, C.H., Jobe, A.H., and Kramer, B.W.  IL-1α mediated chorioamnionitis 
induces depletion of FoxP3+ cells and ileal inflammation in the ovine fetal gut.  PLoS One, 6:e18355, 2011. 
PMID: 21479249 
7. Hillman, N., Polglase, G.R., Pillow, J.J., Saito, M., Kallapur, S.G., and Jobe, A.H.  Inflammation and lung
maturation from stretch injury in fetal preterm sheep.  Am. J. Physiol., 300:L232-L241, 2011   PMID: 20134485 
8. Hillman, N., Kallapur, S.G., Pillow, J.J., Nitsos, I., Polglase, G.R., Ikegami, M., and Jobe, A.H.  Inhibitors of
inflammation and endogenous surfactant pool size as modulators of lung injury with initiation of ventilation in 
preterm sheep.  Respir. Res., 11:151, 2010.  PMID: 21034485 
9. Collins, J.J.P., Kallapur, S.G., Knox, C.L., Nitsos, I., Polglase, G.R., Pillow, J.J., Kuypers, E., Newnham,
J.P., Jobe, A.H., and Kramer, B.W.  Inflammation in fetal sheep from intra-amniotic injection of 
Ureaplasma parvum.  Am. J. Physiol. Lung. 299:L852-L860, 2010.   PMID: 20935228 
10. Polglase, G.R., Dalton, R.G.B., Nitsos, I., Knox, C.L., Pillow, J.J., Jobe, A.H., Moss, T.J.M., Newnham, J.P.,
and Kallapur, S,G,  Airway and Vessel Development in Preterm Lambs Chronically Colonized  with 
Ureaplasma Parvum – Am J Physiol, Lung, Cell Mol Physiol. 299(2):L232-234, Epub, 2010.   
PMID-20495079 11. Ball, M.K., Hillman, N.H., Kallapur, S.G., Polglase, G.R., Jobe, A.H., Pillow, J.J.  Body temperature on lung
injury in ventilated preterm lambs.  Resuscitation, 81:749-754, 2010.  PMID: 20299144 
12. Pillow, J.J., Hillman, N., Polglase, G.,R., Moss, T.J.M., Kallapur, S.G., Cheah, F-C., Kramer, B.W., and
Jobe, A.H.  Oxygen, temperature, and humidity of inspired gases and their influences on lung injury in 
near-term lambs.  Intensive Care Med.  Intensive Care Med., 35:2157-2163, 2009.    PMID: 19756508 
13. Hillman, N.H., Kallapur, S.G., Pillow, J.J., Moss, T.J.M., Polglase, G.R., Nitsos, I., and Jobe, A.H.  Airway
injury from initiating ventilation in fetal sheep.  Pediatric. Res., 67:60-65, 2009.   PMID: 19816239 
14. Hillman, N., Pillow, J.J., Ball, M.K., Polglase, G.R., Kallapur, S.G., and Jobe, A.H.  Antenatal and postnatal
corticosteroid and resuscitation induced lung injury in preterm sheep.  Respiratory Research, 10:124, 
2009. PMID: 20003512 
15. Polglase, G.R., Hillman, N.H., Pillow, J.J., Nitsos, I., Newnham, J.P., Knox, C.L., Kallapur, S.G., and Jobe,
A.H.  Ventilation mediated injury following preterm delivery of Ureaplasma parvum colonized fetal 
lambs. Pediatr. Res., 67:630-635, 2010.  PMID: 20220549  

D. Ongoing Research Support 
RO1 HD057869, Kallapur, PI, Jobe, Co-investigator 
NIH-NICHD 02/03/2009-02/04/2013 Mechanisms of 
Fetal Inflammatory Response Syndrome Induced by Chorioamnionitis 
This project uses a chorioamnionitis model in fetal sheep to explore the mechanisms and modulators of the 
multi-organ fetal response to inflammation.  The timing and progression of fetal responses in lungs, liver, 
immune e response organs, and the brain will be evaluated. 

R01 – HL-097064-1 – Jobe, Kallapur – Co-PI 09/01/2009-06/30/2013 
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NIH-NHLBI 
Late Preterm Birth, Ureaplasma Species, and Childhood Lung Disease 
This study includes a human research component to culture the chorioamnion and assess histopathology for later preterm 
deliveries.  Ureaplasma that are isolated will be extensively characterized for the MBA virulence factors.  The fetal 
responses to in utero exposures will be evaluated using white blood cells recovered from cord blood.  Children exposed to 
Ureaplasma will have lung function assessments.  In parallel studies, fetal sheep will be studied for the variability of the 
MBA as it relates to virulence and the innate fetal responses to the organisms. 
U10-HL-101800 – Jobe, Chougnet – Co-PI  05/01/2010-04/30/2015 
NIH-NHLBI 
Prematurity and Respiratory Outcomes Program.  This is a cooperative 5-center program to identify 
biomarkers for BPD, phenotype the lung disease in VLBW infants, and assess lung function at 1 yr.  We will 
perform characterization of innate immunity using lymphocytes, glycan genotype and phenotype, and 
evaluations of SP-A and SP-D. 
NHMRC–Australia–APP101315 –Newnham–PI, Jobe–Chief Investigator 06/01/2011-05/31/2013 Effective 
Treatment of Ureaplasma to Prevent Preterm Birth.  These studies explore how antibiotics can be used to 
treat women with intra-amniotic colonization with Ureaplasma parvum. The studies are performed with sheep 
given intra-amniotic Ureaplasma. All studies conducted in Australia. 
Local Charitable Funding in Argentina, Nestor Vain, MD, PI, Jobe - Consultant 
Improving Outcomes for Infants 1.5-2.5kg  12/2006 - Ongoing 
This project is to perform a pilot project using a randomized cluster design to train local caretakers and families 
of newborns to care for their infants using strategies to supplement WHO guidelines.  The project is in the 
disadvantaged northern provinces of Argentina. 

Completed Research In Last 3 Years 
5 R01 HD12714,  Jobe - PI  04/01/2006-03/31/2011  
NIH-NICHD 
Neonatal Resuscitation and Preterm Lung Injury 
This project is to determine factors contributing to the injury response of the preterm lung to the initiation of 
ventilation using continuous positive airway pressure, oxygen, and mechanical ventilation. The studies are 
translational explorations of which components of neonatal resuscitation injure the preterm lung and how that 
injury is signaled. 
R01-HL-65397,  Jobe - PI  09/01/2004-08/31/2008  
NIH/NHLBI 
New Mediators of Clinical Lung Maturation 
The studies explore the signaling resulting in inflammation via toll-like receptors and how the inflammation 
induces lung maturation in fetal sheep.   The studies are performed as a consortium with colleagues in 
Australia.  We found that inflammatory cells recruited to the fetal lungs are essential for a lung maturation 
and IL-1 is an essential early signaling cytokine for induced lung maturation. 
R21 A1069716, Jobe -PI  08/01/2006-07/31/2008 
NIH-NIAID 
Postnatal Consequences of Fetal Inflammation 
This project with collaborators in Western Australia explored the hypothesis that antenatal exposure to 
inflammation will alter postnatal immune responses and airway reactivity in sheep born spontaneously at term.  
We evaluated lung responses in newborn and 8wk old lambs following intrauterine exposures to LPS and 
Ureaplasma parvum. 
NHMRC - Australia, John Newnham, PI, Jobe Co-Investigator 06/01/2007-12/31/2009 
This project explored the pathogenicity of different serovars of Ureaplasma parvum given at different doses by 
intrauterine injection early in gestation in sheep.  One specific aim is to treat colonized sheep with antibiotics to 
test ability to clear organisms. The goal is to learn how Ureaplasma colonizes of the fetus as a model of the 
chronic chorioamnionitis that is common in women. 
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BIOGRAPHICAL SKETCH 
NAME 
Noah Harold 
Hillman 

POSITION TITLE 
Assistant Professor 
University of Cincinnati 
Cincinnati Children’s Hospital Medical 
Center 

eRA COMMONS USER NAME (credential, e.g., agency login) 
NHILLMAN 

INSTITUTION AND LOCATION DEGREE 
(if applicable) YEAR(s) FIELD OF STUDY 

Carleton College, Northfield, MN B.A. 1992-1996 Religion 
University of Missouri School of 
Medicine, Columbia, MO 

M.D. 1997-2001 Medicine 

A. Personal Statement 
I am interested in ventilator-induced lung injury and the progression of inflammation and injury toward 
bronchopulmonary dysplasia (BPD) in preterm infants. The focus of my current work is to evaluate the 
biochemical processes and signaling that trigger the pro-inflammatory response seen with initiation of 
ventilation at birth and the repair of airways after this injury. I have been working with a sheep model of 
resuscitation injury in collaboration with our colleagues at the University of Western Australia for the past 8 
years. Our research group has 21 years of collaboration with the UWA on both a model of chorioamnionitis 
and ventilation-induced injury in preterm sheep. My current K08 funding supports my further training in the 
fields of lung injury and immunology.  

B. Positions and Honors.  
Positions and Employment 
2001 – 2004: Pediatric Residency. Cincinnati Children’s Hospital, Cincinnati, OH 
2004 – 2007: Fellowship in Neonatology/Pulmonary Biology, Cincinnati Children’s Hospital 
2007 – 2009: Instructor, University of Cincinnati School of Medicine, Cincinnati Children’s Hospital 
2009 – Present Assistant Professor, University of Cincinnati School of Medicine, Cincinnati Children’s 
Hospital 
Honors 
2001 Robert L. Jackson Award in Pediatrics, University of Missouri School of 
Medicine 2004 Neonatology Award, Cincinnati Children’s Hospital 
2007 Procter Scholar, Cincinnati Children’s Hospital  
2010 Elected to Society for Pediatric Research 

C. Selected peer-reviewed publications (in chronological order). 
1. Pillow JJ, Hillman N, Moss TJ, Polglase G, Bold G, Beaumont C, Ikegami M, Jobe AH. Bubble continuous
positive  airway pressure enhances lung volume and gas exchange in preterm lambs. Am J Resp Crit 
Care Med  2007 Jul;176(1):63-9 
2. Hillman NH, Moss TMJ, Kallapur SG, Bachurski C, Pillow JJ, Polglase GR, Nitsos I, Kramer BW, Jobe AH.
Brief, large tidal volume ventilation initiates lung injury and a systemic response in fetal sheep. Am J Res Crit 
Care Med. 2007 Sep 15;176(6):575-81. PMC1994225 
3. Kallapur SG, Jobe AH, Ball MK, Moss TMJ, Hillman NH, Newnham JP, Kramer BW. Pulmonary and
systemic endotoxin tolerance in preterm sheep exposed to chorioamnionitis.  J Immunol. 2007 
Dec 15;179(12):8491-8499 
4. Hillman NH,  Moss TMJ, Nitsos I, Kramer BW, Bachurski CJ, Ikegami M, Jobe AH, Kallapur SG. Toll-like
receptor and Agonist Responses in the Developing Fetal Sheep Lung. Ped. Res. 2008 April 63(4):388-393 
5. Polglase GR, Hillman NH, Pillow JJ, Cheah F, Kallapur SG, Ikegami M, Kramer BW, Moss TMJ, Jobe AH.
Positive End- Expiratory Pressure and Tidal Volume During Initial Ventilation of Preterm Lambs. Ped 
Res. 2008 Jun 25.  
6. Jobe AH, Hillman NH, Polglase GR, Kramer BW, Kallapur SG, Pillow, JJ. Injury and Inflammation from
Resuscitation of the Preterm Infant. Neonatology 2008;94:190-196 
7. Polglase GR, Hillman NH, Ball MK, Kramer BW, Kallapur SG, Jobe AH, Pillow JJ Lung and Systemic
Inflammation in Preterm Lambs on CPAP or Conventional Ventilation.  Ped Res. 2008 Aug 13. 
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8. Ball MK, Jobe AH, Polglase GR, Kallapur SG, Cheah F-C, Hillman NH, Pillow JJ. High and Low Body
Temperature During the initiation of Ventilation for Near-Term Lambs. Resuscitation 2009 Jan;80(1):133-7 
9. Pillow JJ, Hillman NH, Polglase GR, Moss TJM, Champion Z, Kallapur SG, Cheah F-C, Kramer BW, Jobe
AH. Oxygen, temperature and humidity content of inspired air influences lung injury in preterm lambs. Intensive 
Care Med. 2009 Dec;35(12):2157-63.  
10. Hillman NH, Kallapur SG, Pillow JJ, Moss TJM, Polglase GR, Nitsos I, Jobe AH. Airway injury from
initiating ventilation in preterm sheep. Pediatr Res. 2010 Jan;67(1):60-5. 
11. Hillman NH, Pillow JJ, Ball MK, Polglase GR, Kallapur SK, Jobe AH. Antenatal and postnatal corticosteroid
and resuscitation induced lung injury in preterm sheep. Respiratory Research 2009 Dec 15;10:124 
12. Polglase GR, Hillman NH, Pillow JJ, Newham JP, Know CL, Kallapur SG, Jobe AH. Ventilation mediated
injury following preterm delivery of Ureaplasma parvum colonized fetal lambs. 2010 Pediatric Res Mar 9 
13. Ball MK, Hillman NH, Kallapur SG, Polglase GR, Jobe AH, Pillow JJ. Body temperature effects on lung
injury in ventilated preterm lambs. Resuscitation 2010 Mar 16 
14. Shah TA, Hillman NH, Nitsos I, Polglase GR, Pillow JJ, Newnham JP, Jobe AH, Kallapur SG. Pulmonary
and Systemic Expression of Monocyte Chemotactic Proteins in Preterm Sheep Fetuses Exposed to 
LPS induced Chorioamnionitis. Ped. Res 2010 May 28. 
15. Hillman NH, Kallapur SG, Pillow JJ, Nitsos I, Polglase GR, Ikegami M, Jobe AH. Inhibitors of inflammation
and endogenous surfactant pool size as modulators of lung injury with initiation of ventilation in preterm 
sheep. Respir Res. 2010 Oct 29;11:151. 
16. Hillman NH, Polglase GR, Pilliow JJ, Saito M, Kallapur SG, Jobe AH. Inflammation and lung maturation
from stretch injury in preterm fetal sheep. Am J Physiol Lung Cell Mol Physiol. 2011 Feb;300(2):L232-41. 
17. Berry CA, Nitsos I, Hillman NH, Pillow JJ, Polglase GR, Kramer BW, Kemp MW, Newnham JP, Jobe AH,
Kallapur SG. Interleukin 1 in Lipopolysaccharide Induced Chorioamnionitis in the Fetal Sheep. Reprod Sci. 
2011 Apr 14 
18. Kallapur SG, Kramer BW, Knox CL, Berry CA, Collins JJ, Kemp MW, Nitsos I, Polglase GR, Robinson J,
Hillman NH, Newnham JP, Chougnet C, Jobe AH. Chronic Fetal Exposure to Ureaplasma parvum 
Suppresses Innate Immune Responses in Sheep. J Immunol. 2011 Jul 22. 
19. Hillman NH, Nitsos I, Berry C, Pillow JJ,  Kallapur SG, Jobe AH. Positive end-expiratory pressure and
surfactant decrease lung injury during initiation of ventilation in fetal sheep. Am J Physiol Lung Cell Mol 
Physiol . 2011 Aug 19. [Epub ahead of print]. 

D. Research Support 

Ongoing Research Support 
K08-HL097085 (Hillman-PI) 08/01/09 - 7/30/2014      
NIH-NHLBI  
Lung Injury with Resuscitation of the Preterm 

The major goal of this project is to study the effects of initiating ventilation in the preterm lamb and means of 
modulating the inflammatory cascade. The educational components provide additional graduate work needed 
to enable the PI to become an independent investigator. 

Completed Research Support 
5 R01 HD12714-28 (Jobe- PI)    4/1/2006 – 3/31/2011 
NIH/NICHD  
Neonatal Resuscitation and Preterm Lung Injury 
This project is to determine factors contributing to the injury response of the preterm lung to the initiation of 
ventilation using continuous positive pressure, oxygen, and mechanical ventilation. The studies are 
translational explorations of which components of neonatal resuscitation injure the preterm lung and how. 
Role: Collaborator 

7/1/2005 - 7/1/2006 NIH T32-HD07541 (PI: 
Jobe) NIH/NICHD  
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Procter Scholar  7/1/2007 – 7/1/2009 
Children’s Hospital Research Foundation 

NIH Loan Repayment Program   7/1/2006 – 7/1/2008, 7/1/2009-7/1/2010 
NIH/NHLBI  
Role: Recipient  
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BIOGRAPHICAL SKETCH 
Provide the following information for the key personnel and other significant contributors in the order listed 
on Form Page 2. 
Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 

NAME 
Kallapur Suhas G 

POSITION TITLE 
Associate Professor of Pediatrics 
Clinical Professor, School of Women’s and 
Infants’ Health – Univ of Western Australia, Perth 

eRA COMMONS USER NAME 
SKALLAPUR 

EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as 
nursing, and include postdoctoral training.) 
INSTITUTION AND LOCATION 

DEGREE 
(if 
applicable) 

YEAR(s) FIELD OF STUDY 

Bombay University, Bombay, India M.B., B.S. 1983 Medicine 

, 
DCH 1986 Pediatrics 

Bombay University, Bombay, India MD 1986 Pediatrics 
American Board of Pediatrics 1990 Pediatrics 
American Board of Pediatrics F.A.A.P. 1993 Neonatal-Perinatal Med 
University of Cincinnati 1995 Molecular Genetics 

A.  Personal Statement 
My research interests, publication profile and NIH funding are focused on understanding the pathogenesis 

and mechanisms of fetal lung inflammatory responses. My laboratory generated sheep specific reagents to 
enable studies of lung inflammation including cloning of several sheep cytokines and growth factors. The initial 
experimental sheep model was chorioamnionitis induced by LPS. Thereafter, along with Drs. Jobe and 
Hillman, we investigated lung inflammatory responses after different styles of mechanical ventilation. The 
experiments then evolved to understanding the pathogenesis of fetal inflammation chorioamnionitis induced by 
injection of live Ureaplasma in sheep –funded by a R-01 grant (PI – Jobe and Kallapur). The target human 
disease for all these models is BPD, and using these models, our laboratory is focused on understanding the 
interactions between antenatal and postnatal inflammation leading to BPD. Since BPD in humans occurs 
exclusively in the preterm whose lung and the immune system are developing, the preterm sheep models 
developed by our group, are particularly relevant. These sheep studies are performed in collaboration with Dr. 
Newnham (Perth). Using these models, I have also been able to make important contributions to the 
understanding of innate immunity in the developing fetus. Dr. Jobe and I are mentors for Dr. Noah Hillman for 
his K-08 award from the NHLBI to study the pathogenesis and mechanisms of ventilator induced lung injury in 
the preterm. Drs. Jobe, Kallapur and Hillman travel to Perth every year to work on the sheep studies. These 
interactions demonstrate a close-knit collaborative relationship between the co-investigators, in which my forte 
is molecular studies of lung inflammation and developmental immunology. Our studies in the pathogenesis of 
lung injury in the preterms also involve human studies funded by a R-01 grant (Jobe and Kallapur – PI) and my 
participation as an alternate PI of the NICHD funded Neonatal Network Center Grant. Therefore, the 
investigating team for the present grant has a wider appreciation and expertise of potentially translating basic 
observations from the sheep model to bedside clinical applications for evidence based resuscitation guidelines. 

B. Positions and Honors. 
POSITION AND EMPLOYMENT  

1984-1987 Residency  in Pediatrics, Seth GS Medical College, KEM, Hospital  & B.J. Wadia; 
Hospital for Children, University of Bombay, Bombay, India 
1988-1989     Intern, Pediatrics, Children’s Hospital of Michigan, Wayne State Univ., Detroit, MI 
1989-1990     Resident in Pediatrics, Children’s Hospital of Michigan, Wayne State Univ., Detroit MI 
1990-1993  Fellow, Neonatal-Perinatal Medicine, Children’s Hosp. Med. Center, Univ. of Cincinnati, 
Cincinnati, OH 
1993-1996     Instructor in Pediatrics, Univ. of Cincinnati, Cincinnati, OH 
1995-1996     Staff Pediatrician, Children’s Hosp. Med. Center, Cincinnati, 
OH 
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1997-2004     Assistant Professor of Pediatrics, Children’s Hosp. Med. Center, Cincinnati, OH 
2004-     Associate Professor of Pediatrics, Children’s Hosp. Med. Center, Cincinnati, OH, Attending 
Neonatologist CCHMC and Tri Health Hospitals, Cincinnati OH. 
2010-  Clinical Professor, School of Women and Infants’ Health, Univ. of Western Australia, Perth. 

HONORS/AWARDS: 
Adjudged the Best Resident for 1987 at the K.E.M. Hospital, Bombay, India 

Best Resident for 1989 - 1990  at the Children's Hospital of Michigan, Detroit, Michigan,  USA. 

William Cooper Procter Scholarship for Post Fellowship Basic Science Training, 1993-1995 

Visiting Professor – Institute of Health and Biomedical Innovation, Queensland Institute of 
Technology, Brisbane Australia – May 2010. 

CERTIFICATIONS: Diplomate, American Board of Pediatrics, 1990. Recertified 2007-2014 
Diplomate, American Board of Pediatrics (Neonatal/Perinatal Medicine) 1993, Recertified 
2007-2014 
PROFESSIONAL MEMBERSHIPS: 

American Academy of Pediatrics (since 1995) 
Society for Pediatric Research (since 2001) 
American Physiological Society (since 2007) 

C. Selected publications (Out of 52 peer-reviewed, 21 invited reviews) 

1. Naik A.S., Kallapur, S.G., Bachurski, C.J., Jobe, A.H., Michna, J., Kramer, B.W. and Ikegami, M (2001)
-Effects of ventilation with different PEEP on cytokine expression in the preterm lamb lung:. Am J Resp 
Crit Care Med 164: 494-498:2001; PMID: 11500356 

2. Kallapur, S.G., Nitsos I., Moss T.J.M., Newnham J.P., Kramer, B.W., Ikegami M and Jobe A.H Chronic
endotoxin exposure does not cause sustained structural abnormalities in the fetal sheep lungs Am 
J Physiol Lung Cell Mol Physiol, 288:L966-L974:2005- PMID: 1564028 

3. Kallapur S.G., Moss T.J.M,. Ikegami M., Jasman R.L., Newnham J.P., Jobe A.H (2005);. Recruited
Inflammatory Cells Mediate Endotoxin Induced Lung Maturation in Preterm Fetal Lambs. Am J 
Respir Crit Care Med  172:1315-1321:2005- PMID: 16109976 

4. Kramer, B.W., Joshi, S.N., Moss, T.J.M., Newnham, J.P., Sindelaar, R., Jobe, A.H., Kallapur, S.G.
Endotoxin induced maturation of monocytes in preterm fetal sheep lung (2007) Am J Physiol Lung 
Cell Mol Physiol  293:L345-L353:2007- PMID: 17513458 

5. Kallapur S.G., Jobe A.H., Ball M.K., Nitsos I., Moss T.J.M., Hillman N.H., Newnham J.P., Kramer B.W
Pulmonary and Systemic endotoxin tolerance in preterm fetuses exposed to chorioamnionitis 
(2007) J Immunol 179:8491-8499:2007- PMID: 18056396 

6. Cheah FC, Jobe AH, Moss TJM, Newnham, JP, Kallapur SG – Oxidative stress in fetal lambs exposed
to intraamniotic endotoxin in a chorioamnionitis model (2008) – Pediatr Res 63:274-279:2008 - PMID: 
18091343 

7. Hillman N.H., Moss T.J.M.,Kramer B.W., Bachurski, C.J., Ikegami M., Jobe A.H,  Kallapur S.G  Toll-Like
Receptors and Agonist Responses in the Developing Fetal Sheep Lung (2008) Pediatric Research 
63:388- 393:2008 

8. Cheah F.C., Pillow J.J, Kramer B.W., Polglase G.R., Nitsos I., Newnham J.P., Jobe A.H., Kallapur S.G.
(2009) Airway inflammatory cell responses to intraamniotic lipopolysaccharide in a sheep 
model of chorioamnionitis – Am J Physiol Lung Mol Cell Biol 296:L384-393:2009  PMID: 19118089 

9. Kallapur S.G., Nitsos I., Moss T.J.M, Polglase G.R., Pillow J.J, Cheah F.C., Kramer B.W., Newnham J.P.,
Ikegami M., Jobe A.H. (2009) IL-1 signaling mediates pulmonary and systemic inflammatory responses 
to chorioamnionitis induced by intra-amniotic LPS  – Am J Respir Crit Care Med 179:955-961:2009 – 

PMID 19234101 
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10. Kallapur SG, Moss TJM, Auten RL, Nitsos I, Pillow JJ, Kramer BW, Maeda DY, Newnham JP, Ikegami M,
Jobe AH (2009) IL-8 signaling does not mediate intraamniotic LPS induced inflammation and 
maturation in preterm fetal lamb lung - – Am J Physiol Lung Mol Cell Biol 297:L512-L519:2009. PMID: 
19574422 11. Shah TA, Hillman NH, Nitsos I, Polglase GR, Pillow JJ, Jobe AH, Kallapur SG (2010) Pulmonary and
Systemic Expression of Monocyte Chemotactic Proteins in Preterm Sheep Fetuses Exposed to
LPS Induced Chorioamnionitis  - Pediatric Research 68:210:2010 PMID 20703142.

12. Hillman NH, Polglase GR, Pillow JJP, Saito M, Kallapur SG, Jobe AH - Inflammation and lung maturation
from stretch injury in preterm fetal sheep (2011) – Am J Physiol Lung Mol Cell Biol 300:L232-L241:2011, 
PMID:21131401. 

13. Kallapur SG, Kramer BW, Nitsos I, Pillow JJP, Collins JJP, Polglase GR, Newnham JP, Jobe AH (2011)
Pulmonary and systemic inflammatory responses to intraamniotic IL-1 alpha in fetal sheep Am J 
Physiol Lung Mol Cell Biol (In press)  PMID: 21665964. 

14. Kallapur SG, Kramer BW, Knox CL, Berry CA, Collins JJP Kemp MW, Nitsos I, Polglase GR, Robinson J,
Hillman NH, Newnham JP, Chougnet C, Jobe AH (2011) Chronic fetal exposure to Ureaplasma 
Parvum suppresses innate immune responses in sheep J Immunol 187:2688-2695:2011 PMID: 21784974. 

15. Hillman NH, Nitsos I, Berry CA, Pillow JJP, Kallapur SG and Jobe AH (2011) – Positive end-expiratory
pressure and surfactant decrease lung injury during initiation of ventilation in fetal sheep Am J Physiol 
Lung Mol Cell Biol (In press) PMID: 21856815 

D.  Research Support 
Ongoing Research Support 

NIH-NHLBI  R01-HL97064 Late Preterm Births, Ureaplasma species and childhood lung disease 
(Jobe, Kallapur – PI) 9/24/09-7/31/13  
This project will study the pulmonary outcomes and immune modulation after exposure to 
Ureaplasma chorioamnionitis. The human component will evaluate late-preterm infants born between 32-37 
week gestation and evaluate lung outcomes at 6 mos and 2yrs. The animal component will utilize a preterm 
sheep model and evaluate lung outcomes at 2 months.  Role : Joint (Multiple) Principal investigator  

NIH-NICHD   R01 HD57869  Mechanisms of Fetal Inflammatory Response Syndrome Induced 
by Chorioamnionitis  (Kallapur – PI) 02/03/09-01/31/14  
This project will study the pathogenesis of fetal systemic inflammatory response syndrome (FIRS) in 
preterm fetuses exposed to endotoxin induced chorioamnionitis in sheep. The grant will also evaluate the 
fetal innate immune responses to chorioamnionitis and how endotoxin tolerance modulates FIRS. 
Role : Principal Investigator 

NIH U10-HD 27853 NICHD Cooperative  Multicenter Neonatal Research Network (Schibler -PI, Kallapur 
– alternate PI)  4/01/11-03/30/16
This is a center grant awarded by the NICHD to establish a network of 19 academic programs across USA 
to facilitate conduct of clinical trials in Neonatal-Perinatal population. 

MERCK (MSG ID#28268): Pharmacokinetics of Montelukast in very low birth weight (VLBW) 
infants (Kallapur- PI) (12/1/08-11/30/11) 
This is a phase I study of pharmacokinetics and safety in VLBW infants. The data from this study will be 
used for future phase II  and phase III study to study efficacy of montelukast in the prevention of 
bronchopulmonary dysplasia in VLBW infants. Role: Principal Investigator 

PROJECTS COMPLETED IN THE PAST THREE YEARS 

NIH/NHLBI R01-HL-65397 New Mediators of Clinical Lung Maturation (Jobe – PI) 9/1/04-
8/31/08 
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The studies explore the signaling resulting in inflammation via toll-like receptors and how the inflammation 
induces lung maturation in fetal sheep.   The studies were performed as a consortium with colleagues in 
Australia. Role – Co-investigator 

NIH-AI  R21- AI 069716-01 Postnatal consequences of Fetal Inflammation (Jobe-PI) 07/01/06-06/30/08 
The major goal of this project was to study the consequences of fetal inflammation on postnatal innate and 
adaptive immune responses, modulation of post-natal allergic responses and to develop a large animal 
model of airway sensitization to environmental allergens. Role – Co-investigator 
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BIOGRAPHICAL SKETCH 
Provide the following information for the key personnel and other significant contributors in the order listed on Form Page 2. 

Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 

NAME 
Kemp , Matthew Warren 

Research Assistant Professor and Sheep 
Research Manager 
School of Women’s and Infants’ Health, The 
University of Western Australia 

eRA COMMONS USER NAME 
Kemp 
EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.) 

INSTITUTION AND LOCATION DEGREE 
(if applicable) 

YEAR(s) FIELD OF STUDY

The University of Otago (Dunedin, New Zealand) BMLSc 1997 - 2001 Biomedical Science 

The University of Otago (Dunedin, New Zealand) PgDipMLSC
(HONS) 1997 - 2001 Biomedical Science 

The University of New South Wales 
(Sydney, Australia) PhD 2002 - 2006 Medical Research 

The University of Oxford (Oxford, UK) PgDipLATHE  2010 Medical Education 
Research 

The University of Oxford (Oxford, UK) - 2006 - 2009 Postdoctoral Training 
(Medical Research)  

The University of Western Australia 
(Perth, Australia) PhD 2010 - 

current Graduate Education

A. Personal Statement 
I am a Research Assistant Professor at the UWA School of Women’s and Infants’ Health and 
the Women and Infants Research Foundation Sheep Scientific Research Manager. My primary 
research goal is the application of translational research to further our understanding and treatment 
of preterm birth and its associated sequaele. My research in this field presently focuses on 
understanding the role(s) played by maternal and fetal tissues in the development of in utero 
inflammation and fetal injury especially that subsequent to intra-uterine Ureaplasma infection.  

I trained in biomedical science at The University of Otago and pursued postgraduate study in medical 
research, completing a PhD at The University of New South Wales in Sydney, Australia. My 
postdoctoral training in medical research included a three year Fellowship at The University of 
Oxford (2007-2009) before returning to Australia to take up my current position.   

As an early career researcher I am presently developing a novel area of fetal biology – the role 
played by the fetal skin in the development of inflammation and preterm birth. I am undertaking 
this work as part of a major international research collaboration headed by Professors Alan Jobe 
and John Newnham. This collaboration utilizes the sheep model of in utero infection and 
inflammation as a basis for the investigation of novel methods of preventing and treating preterm 
birth. These studies are now in their 21st consecutive year and have resulted in world-wide changes 
in clinical practice.  
In addition to my own research, I am responsible for overseeing the scientific direction of our 
Western Australian sheep research facilities. These facilities directly support the studies 
outlined in this application. All necessary facilities are currently fully resourced and operational. 
Development and construction of most of these facilities was initiated by Professors Alan Jobe 
and John Newnham. These resources include sheep breeding facilities at Darkan, south of 
Perth; low intensity animal research facilities in Shenton Park; near central Perth, high 
intensity surgical and management facilities within the Large Animal Facility on the University 
campus; and general laboratory facilities within our hospital and university. 
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B. Positions 
Positions and Employment 

Nov 2006-March 2009: MRC Career Development Fellow, The University of Oxford, Oxford, UK 
March 2009-current: Research Assistant Professor and Sheep Scientific Research Manager, 

The University of Western Australia, Perth, Australia. 

Other Experience and Professional Memberships 

2005 – 
current: 2009 

– current:

Member, Australasian Wool and Hair Research Society 
Member, Perinatal Society of Australia and New Zealand 

Honours 

2011: 

2003: 

2003: 
2004: 

Faculty of 1000 post-publication review of Kemp et al. Exposure to in 
utero lipopolysaccharide induces inflammation in the fetal ovine 
skin, Reproductive Sciences, 2011 rated the paper as “must-
read” and described the work as “a potentially paradigm-shifting 
paper on the mechanisms participating in pre-term labour 
Prize for best abstract (poster) Australasian Wool and Hair Research 
Society Annual Scientific Meeting 
Prize for best abstract (poster) St George Hospital Scientific Symposium 
Japanese Society for Investigative Dermatology Travel Award 

C. Selected peer-reviewed publications (in chronological order) 

1) Kemp, M.W., Newnham, J.P., Chapman, E. The biomedical doctorate in the contemporary
university: education or training and why it matters. (2011) Higher Education, In Press. 

2) Kallapur, S.G., Kramer, B.W., Knox, C.L., Berry, C.A., Collins, J.P., Kemp, M.W., Nitsos, I.,
Polglase, G.R., Robinson, J., Hillman, N.H., Newnham, J.P., Chougnet, C., Jobe, A.H. Chronic 
fetal exposure to Ureaplasma parvum suppresses innate immune responses in sheep. (2011) 
Journal of Immunology, In Press. 

3) Kemp, M.W, Saito, M., Kallapur, S.G., Jobe, A.H., Keelan, J.A., Kramer, B., Zhang, L., Knox, C.,
Yaegashi, N., Newnham, J.P. Inflammation of the fetal ovine skin following in utero exposure 
to Ureaplasma parvum. (2011) Reproductive Sciences, Article in Press. 

4) Berry, C.A., Nitsos, I., Hillman, N.H., Pillow, J.J., Polglase, G.R., Kramer, B.W., Kemp, M.W.,
Newnham, J.P., Jobe, A.H., Kallapur, S.G. IL-1 in lipopolysaccharide induced 
chorioamnionitis in fetal sheep. (2011). Reproductive Sciences, Article in Press. 

5) Keelan, J.A., Nitsos, I., Saito, M., Musk, G.C., Kemp, M.W., Timmins, M., Li, S., Yaegashi, N.,
Newnham, J.P. Maternal-amniotic-fetal distribution of macrolide antibiotics following 
intravenous, intramuscular, and intraamniotic administration in late pregnant sheep. (2011) 
American Journal of Obstetrics and Gynecology, Article in Press. 

6) Kemp, M.W., Saito, M., Nitsos, I., Jobe, A.H., Kallapur, S.G., Newnham, J.P. Exposure to in utero
lipopolysaccharide induces inflammation in the fetal ovine skin. (2011) 
Reproductive Sciences, 18 (1), pp. 88-98. 
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7) Kemp, M.W., Kallapur, S.G., Jobe, A.H., Newnham, J.P. Obesity and the developmental origins of
health and disease. (2011) Journal of Paediatrics and Child Health. Article in Press. 

8) Clarke, W.T., Edwards, B., McCullagh, K.J.A., Kemp, M.W., Moorwood, C., Sherman, D.L.,
Burgess, M., Davies, K.E. Syncoilin modulates peripherin filament networks and is 
necessary for large-calibre motor neurons. (2010) Journal of Cell Science, 123 (15), pp. 
2543-2552. 
9) Kemp, M.W., Saito, M., Newnham, J.P., Nitsos, I., Okamura, K., Kallapur, S.G. Preterm birth,
infection, and inflammation advances from the study of animal models. (2010) 
Reproductive Sciences, 17 (7), pp. 619-628. 

10) Kemp, M.W., Edwards, B., Burgess, M., Clarke, W.T., Nicholson, G., Parry, D.A.D., Davies, K.E.
Syncoilin isoform organization and differential expression in murine striated muscle. (2009) 
Journal of Structural Biology, 165 (3), pp. 196-203. 

11) *McCullagh, K.J.A., *Edwards, B., *Kemp, M.W., Giles, L.C., Burgess, M., Davies, K.E. Analysis 
of skeletal muscle function in the C57BL6/SV129 syncoilin knockout mouse. (2008) Mammalian 
Genome, 19 (5), pp. 339-351. * These authors contributed equally to this paper. 

12) Kemp, M.W., Davies, K.E. The Role of intermediate filament proteins in the development of
neurological disease. (2007) Critical Reviews in Neurobiology, 19 (1), pp. 1-27. 

13) Kemp, M.W., Massey, R.C. The use of insect models to study human pathogens (2007). Drug
Discovery Today: Disease Models, 4 (3), pp. 105-110. 

14) Molloy, T.J., Kemp, M.W., Wang, Y., Murrell, G.A.C. Microarray analysis of the tendinopathic rat
supraspinatus tendon: Glutamate signaling and its potential role in tendon 
degeneration. (2006) Journal of Applied Physiology, 101 (6), pp. 1702-1709. 

15) Kemp, M.W., Klingberg, S., Lloyd, L., Molloy, T.J., Marr, P., Wang, Y., Murrell, G.A.C., Murrell,
D.F. A novel deletion mutation in keratin 5 causing the removal of 5 amino acids and elevated mutant 
mRNA levels in Dowling-Meara epidermolysis bullosa simplex. (2005) Journal of 
Investigative Dermatology, 124 (5), pp. 1083-1085. 

D. Research Support 

2010: 

2010: 

2010: 

2010: 

2009: 

The Women and Infants Research Foundation (WA).  Capacity Building 
Grant. “Inflammation and preterm birth”. 
The Financial Markets Foundation for Children (VIC). Project Grant. 
“Inflammation of the fetal skin – a mediator of preterm birth?” 
The Faculty of Medicine, Dentistry and Health Sciences, UWA (WA). Small 
Equipment Grant. “Enhanced laboratory capacity for the Large 
Animal Facility”. 
The Ramaciotti Foundations (NSW).  Project Grant. “Neutralising 
Antibody Therapy as a Treatment for Preterm Birth.” 
The Women and Infants Research Foundation (WA). Starter 
Grant. Intermediate filaments and the development of neonatal respiratory 
disease  
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BIOGRAPHICAL SKETCH 
Provide the following information for the key personnel and other significant contributors in the order listed on Form Page 2. 

Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 

NAME 
Newnham , John 
Phillipps 

alProfessor of Obstetrics and Gynecology (Maternal 
Fet Medicine). 
Head, School of Women’s and Infants’ Health, The 
University of Western Australia 

eRA COMMONS USER NAME 
Newnham 
EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.) 

INSTITUTION AND LOCATION DEGREE 
(if applicable) YEAR(s) FIELD OF STUDY 

1976 Medicine 
1984 ObGyn 
1986 Medical research 
1992 Maternal Fetal Medicine 

University of Western Australia Royal 
Australian College ObGyn University of 
Western Australia Royal Australian College 
ObGyn Royal College of ObGyn (London) 

MBBS 
FRANZCOG 

MD 
CMFM FRCOG 

1996 ObGyn 

A. Personal Statement 
I am a Maternal-Fetal Medicine Specialist at King Edward Memorial Hospital, Perth Western Australia, 
and I head the UWA School of Women’s and Infants’ Health and the Women and Infants Research 
Foundation, which work together for the common goal of discovering ways to improve the health of 
women and babies. I have a career-long research commitment to the prevention of preterm birth and my 
research in this field now focuses on long-standing intra-uterine infection, in particular with Ureaplasma.  

I trained in medicine at The University of Western Australia and pursued postgraduate training in obstetrics 
in Australia, South Africa, England and USA. My postgraduate training in Maternal Fetal Medicine included 
a two year Fellowship at Harbor-UCLA and Cedars-Sinai Medical Center, Los Angeles, California, 
1992-4.  

During the 1980s I conceived and developed a perinatal sheep research program in Perth based on my 
introduction of ovine ultrasound-guided needle techniques, complementing the chronic catheterisation 
model. Professor Alan Jobe and I head a major international research collaboration using the sheep 
model and investigating novel methods of preventing and treating preterm birth. These studies are now in 
their 21st consecutive year and have resulted in world-wide changes in clinical practice.  

The sheep research facilities available in Western Australia for conduct of the studies outlined in this 
application are fully resourced and operational. Development and construction of most of these facilities 
have been initiated by Professor Alan Jobe and myself. These resources include sheep breeding facilities 
at Darkan, south of Perth; low intensity animal research facilities in Shenton Park, near central Perth; high 
intensity surgical and management facilities within the Large Animal Facility on the University campus; 
and general laboratory facilities within our Hospital and University. 

I am also involved in studying the life-long implications of events before and soon after birth. In 1989 I was 
initiator and principal investigator of a major cohort study of 2900 Western Australian children followed from 
16 weeks gestation to adulthood, designed to investigate the developmental origins of disease. This Study, 
known as the Raine Study, is one of the largest and most complete of its type in the world. The children 
in this study are now 20-22 years of age and remain under follow-up with retention of at least 
70%. 
Career Summary (July 2011): 
Number of publications: 228 
Number of citations: 4064 
Average citations per item: 17.82 
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H index: 35 

B. Positions and Honors 
Positions and Employment 
Jan 1976-June 1980 
July 1980-Dec 1980 
Jan 1981-June1982 
July 1982 – Oct 1984 

Resident and registrar, medicine/surgery/obgyn, Perth, Western Australia 
Registrar, ObGyn, Edendale Hospital (KwaZulu), Natal, South Africa. 
Registrar, ObGyn, St Bartholmews Hospital, London, UK. 
Fellow in Perinatology, UCLA Harbor and Cedars Sinai Medical Center, CA,
USA 

Oct 1984 – current Maternal Fetal Medicine Specialist, King Edward Memorial Hospital, 
Subiaco, Perth, Western Australia 
1996 – current Executive Director, Women and Infants Research Foundation, 
Western Australia. 
1999 – current Professor of Obstetrics and Gynecology (Maternal Fetal Medicine), 
The University of Western Australia. 
1999 – current Head, School of Women’s and Infants’ Health, The University of 
Western Australia. 
Other Experience and Professional Memberships 
1990 – 
current 1996 – 
2000 

Member, Society for Gynecologic Investigation, USA. 
Chairman and Chief Examiner, Maternal Fetal Medicine 
Subspecialty 

2001 – current 
2001 – current 
2003 – current 

2007 

Committee, Royal Australian College of ObGyn. 
Chairman, Maternal Mortality Committee, Western Australia. 
Chairman, Perinatal and Infant Mortality Committee, Western Australia. 
Member, International Council of the Society for the Developmental Origins 
of Health and Disease (DOHaD). 
Congress Director, 5th International Congress of the Society for the 
Developmental Origins of Health and Disease (DOHaD), Perth Western 
Australia 6-10th Nov, 2007. 

Honors 
1981 
1982 – 1983 

1983-4 

2009 – current 

Gold Medal, Royal College of Obstetricians and Gynecologists, London. 
Award for Outstanding Contribution to Resident Training, Harbor-UCLA, Los 
Angeles, USA 
Award for Outstanding Contribution to Resident Training, Cedars-Sinai 
Medical Centre, Los Angeles, USA 
Honorary Director, ObGyn, Drum Tower Hospital, University of Nanjing, China 

C. Selected peer-reviewed publications (in chronological order) 
(publications selected from 228 peer-reviewed original manuscripts) 
1. Newnham JP, Moss TJ, Padbury JF, Willett KE, Ikegami M, Ervin GM, Sly  P, Jobe  A. The interactive effects of
endotoxin with prenatal glucocorticoids on short-term lung function in sheep. American Journal of Obstetrics and 
Gynecology 2001; 185:190-197. 
2. Newnham JP, Moss TJ, Kramwe BW, Nitsos I, Ikegami M, Jobe AH. The fetal maturational and inflammatory
responses to different routes of endotoxin infusion in sheep. American Journal of Obstetrics and Gynecology 
2002; 186:1062-1068. 
3. Newnham JP, Kallapur SG, Kramer BW, Moss TY, Nitso I, Ikegami M, Jobe AH. Betamethasone effects on
chorioamnionitis induce by intra-amniotic endotoxin in sheep. American Journal of Obstetrics and 
Gynecology 2003;189:1458-1466. 
4. Moss TJM, Nitsos I, Ikegami M, Jobe AH, Newnham JP. Experimental intrauterine Ureaplasma infection in
sheep. American Journal of Obstetrics and Gynecology 2005; 192: 1179-1186. 
5. Jobe AH, Moss TJ, Nitsos I, Ikegami M, Kallapur SG, Newnham JP. Betamethasone for lung maturation: testing
dose and formulation in fetal sheep. American Journal of Obstetrics and Gynaecology 2007;197(5):523.el-6. 
6. Newnham JP, Jobe, AH. Should we be prescribing repeated courses of antenatal corticosteroids? Seminars in
Fetal and Neonatal Medicine. 2009; 14(3): 157-163. 
7. Moss TJM, Nitsos I, Knox C, Polglase GR, Kallapur SG, Ikegami M, Jobe AH,
Newnham JP. Ureaplasma colonization of amniotic fluid and efficacy of antenatal corticosteroids for 
preterm lung maturation in sheep. American Journal of Obstetrics and Gynaecology 2009; 200: 
96.e1-96.e6.
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8. Newnham, JP, Ross M. G. (Eds) Early life Origins of Human Health and Disease, Karger, Basel, Switzerland
ISBN 978-3-8055-9139-3, 224 pages. 
9. Newnham JP, Newnham IA, Ball CM, Wright M, Pennell CP, Swain J, Doherty DA. Treatment of Periodontal
Disease During Pregnancy: A Randomized Controlled Trial. Obstetrics and Gynecology 2009; 114(6): 1239-1248. 
10. Knox CL, Dando SJ, Nitsos I, Kallapur SG, Jobr AH, Payton D, Moss TJ, Newnham JP. The severity of
chorioamnionitis in pregnant sheep is associated with in vivo variation of the surface-exposed multiple-
banded antigen/gene of Ureaplasma parvum. Biology of Reproduction. 2010; 83(3): 415-26.  
11. Newnham JP, Newnham IA, Ball CM, Wright M, Pennell CP, Swain J, Doherty DA. Treatment of Periodontal
Disease During Pregnancy: A Randomized Controlled Trial. 2009; Obstet Gynecol. 114(6): 1239-1248. 
12. Knox CL, Dando SJ, Nitsos I, Kallapur SG, Jobe AH, Payton D, Moss TJ, Newnham JP

 The severity of chorioamnionitis in pregnant sheep is associated with in vivo variation of the   surface-
exposed multiple-banded antigen/gene of Ureaplasma parvum. Biology of Reproduction.  2010; 83(3):415 -26. 
13. Kemp MW, Saito M, Nitsos I, Jobe AH, Kallapur SG, Newnham JP Exposure to in utero
lipopolysaccharide induces inflammation in the fetal ovine skin. Reprod Sci. 2011 Jan;18(1):88-98.  

14. Keelan JA, Nitsos I, Saito M, Musk GC, Kemp MW, Timmins M, Li S, Yaegashi N, Newnham JP.  Maternal-
amniotic-fetal distribution of macrolide antibiotics following intravenous, intramuscular and intraamniotic 
administration in late pregnant sheep.  Am J Obstet Gynecol. 2011 June:204(6):546.e10-7. Epub 2011 Apr 
15. Newnham JP, Sahota DS, Zhang CY, Xu B, Zheng M, Doherty DA, Li S, Chung T, Hu Y Preterm birth rates in
Chinese women in China, Hong Kong and Australia – The price of Westernisation Aust NZ J Obstet Gynaecol. 
2011 June 23. [Epub ahead of print DOI: 10.1111/j.1479-828X.2011.01327] 

D. Research Support 
National Institutes of Health (NIH) 

Late Preterm Birth, Ureaplasma Species and Childhood Lung Disease 2009 – 
2013 Kallapur S, Jobe A, Newnham JP(subcontract PI) (US$ 1,983,547) 

Mechanisms of fetal inflammatory response syndrome induced by chorioamnionitis 2009 – 
2013 Kallapur S, Jobe A, Newnham J (US$ 1,969,458) 

Canadian Institutes for Health Research (CIHR)    
Gene-environment interactions underlying the developmental origins of health and disease  
2007 - 2010 
Lye, S., Beilin, L.J., Briollais, L., Challis, J., Doherty, D., Matthews, S. Newnham, J., Ozcelik, H., 
Palmer, L.J., Pennell, C., Siminovitch, K., Stanley, F. van Eekelen, J. Zubrick, S. (AU$ 449,924) 

National Health and Medical Research Council of Australia (NHMRC)  
Preventing Gestational Diabetes Mellitus using a home-based supervised exercise program 
during pregnancy 2011 – 2013 
Newnham, J, Fournier P, Guelfi K, Grove J, Wallman K, Doherty D ($740,709) 

Effective Treatment of Ureaplasma to prevent preterm birth 2011 – 
2013 Newnham J, Keelan J, Nitsos I, Jobe A ($676,732) 

Intrauterine Ureaplasma infection during pregnancy: fetal effects and characteristics of Ureaplasma 
pathogenicity.   2008 – 2010 
Newnham J, Nitsos I, Knox C, Jobe A, Moss TJM.  (AUD$510,000) 

A genome-wide search for genes underlying the developmental origins of health and disease 2009 - 
2011 Palmer, L., Pennell, C., Beilin, L, Newnham, J., Lye, S., Davey Smith, G. ($ 989,000) 

Australian Placental Transfusion Study  2009 - 2011 
Tarnow-Mordi , WO., Evans, N., Newnham, J., Osborn, DA., Isaacs, D., Simmer, K. ($ 
2,696,700) 
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BIOGRAPHICAL SKETCH 
Provide the following information for the key personnel and other significant contributors. 

Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 

NAME 
Jeffrey A. Whitsett, M.D. 

POSITION TITLE 

Professor of Pediatrics eRA COMMONS USER NAME 
whitsett 
EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.) 

INSTITUTION AND LOCATION DEGREE 
(if applicable) YEAR(s) FIELD OF STUDY 

B.A. 1969 Chemistry 
M.D. 1973 Medicine 

1973-1976 Intership/Residency 

Colgate University, New York 
Columbia University, New York 
Mt. Sinai Hospital, New York 
Cincinnati Children’s Hospital Medical 
Center (CCHMC), Cincinnati, OH 1976-1978 Neonatal Fellowship 

A.  Personal Statement 
I am a senior investigator with an active and long-standing interest in lung formation, function, and repair. 
Relevant to the present application, I have been developing in vitro culture techniques for airway epithelial cells 
from sheep which would be useful for extension of studies proposed for this grant on stretch mediated lung 
injury in the preterm.  I have used informatics approaches extensively to identify critical pathways central to 
airway development with mouse models.  These approaches can be unique and effectively applied to this 
sheep model to identify clinically relevant information about lung injury in the preterm.  I have had long interest 
in the genetic pathways critical for epithelial cell differentiation in the lung and for many years have studied the 
transcription factors and signaling molecules critical for lung formation, function, and repair, including Sox KLF- 
5 and Ets family (SPDEF) proteins.  My laboratory has extensive experience in histology, 
immunohistochemistry, the production and analysis of complex transgenic mice with endodermal phenotypes.   

B.  Positions and Honors: 
2009 Director of the Perinatal Institute, CCHMC 
2003 
1995 
1994 
1988 
1985 

Chief, Section of Neonatology, Perinatal and Pulmonary Biology, CCHMC 
Director, Divisions of Neonatology and Pulmonary Biology, CCHMC 
Vice Chairperson, Department of Pediatrics, CCHMC 
Director, Division of Pulmonary Biology, CCHMC 
Professor of Pediatrics, and Pharmacology and Cell Biophysics, Univ. of Cinti. College of 
Med. 

Honors: 
Phi Beta Kappa; American Society for Clinical Investigation; Member, NIH Study Section, Human Embryology 
and Development; E. Mead Johnson Award, Society for Pediatric Research; NIH Merit Award and renewal; 
Amberson Lecture Award - American Thoracic Society; William Cooper Procter Award - The Children’s 
Hospital, Cincinnati; Daniel Drake Award - The University of Cincinnati; Rieveschl Award - University of 
Cincinnati; Institute of Medicine of the National Academy of Sciences; Burroughs-Wellcome Career Academic 
Medicine (CAM) Awards Committee  

C.  Selected peer-reviewed publications.  (Selected from 450 peer-reviewed manuscripts) 
Most relevant to the current application 
1. Bell, S.M., Schreiner, C.M., Wert, S.E., Mucenski, M.L, Scott, W.J. and Whitsett, J.A.:  R-spondin 2 is

required for normal laryngeal-tracheal, lung and limb morphogenesis.  Development 135:1049-1058, 2008.
2. Wan, H., Luo, F., Wert, S.E., Zhang, L., Xu, Y., Ikegami, M., Maeda, Y., Bell, S.M. and Whitsett, J.A.:

Kruppel-like factor 5 is required for perinatal lung morphogenesis and function.  Development 135:2563-
2572, 2008.

3. Chen, G., Korfhagen, T.R., Xu, Y., Kitzmiller, J., Wert, S.E., Maeda, Y., Gregorieff, A., Clevers, H. and
Whitsett, J.A.:  SPDEF is required for mouse pulmonary goblet cell differentiation and regulates a network
of genes associated with mucus production.  J. Clin. Invest. 119:2914-2924, 2009.  (PMCID: PMC2752084)

4. Noah, T.K., Kazanjian, A., Whitsett, J. and Shroyer, N.F.:  SAM pointed domain ETS factor (SPDEF)
regulates terminal differentiation and maturation of intestinal goblet cells.  Exp. Cell Res. 316:452-465,
2010. (PMCID: PMC3004755)

5. Chen, G., Wan, H., Luo, F., Zhang, L., Xu, Y., Lewkowich, I., Wills-Karp, M. and Whitsett, J.A.:  Foxa2
programs Th2-cell mediated innate immunity in the developing lung.  J. Immunol. 184:6133-6141, 2010.
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Additional publications of important to the field (in chronological order) 
1. Bohinski, R.J., DiLauro, R. and Whitsett, J.A.:  Lung-specific surfactant protein B gene promoter is a target

for thyroid transcription factor 1 and hepatocyte nuclear factor 3 indicating common mechanisms for organ-
specific gene expression along the foregut axis.  Mol. Cell Biol. 14:5671-5681, 1994.

2. Clark, J.C., Wert, S.E., Bachurski, C.J., Stahlman, M.T., Weaver, T.E. and Whitsett, J.A.:  Targeted
disruption of the surfactant protein B gene disrupts surfactant homeostasis, causing respiratory failure in
newborn mice.  Proc. Natl. Acad. Sci. USA 92:7794-7798, 1995.

3. Wert, S.E., Yoshida, M., LeVine, A.M., Ikegami, M., Jones, T., Ross, G.F., Fisher, J.H., Korfhagen, T.R.
and Whitsett, J.A.:  Increased metalloproteinase activity, oxidant production, and emphysema in surfactant
protein D gene-inactivated mice.  Proc. Natl. Acad. Sci. USA 97:5972-5977, 2000.

4. Perl, A.K.T., Wert, S.E., Nagy, A., Lobe, C.G. and Whitsett, J.A.:  Early restriction of peripheral and
proximal cell lineages during formation of the lung. Proc. Natl. Acad. Sci. USA.  99:10482-10487, 2002.

5. Wan, H., Kaestner, K.H., Ang, S-L., Ikegami, M., Finkelman, F.D., Stahlman, M.T., Fulkerson, P.C.,
Rothenberg, M.E. and Whitsett, J.A.:  Foxa2 regulates alveolarization and goblet cell hyperplasia.
Development 131:953-964, 2004.

6. Wan, H., Xu, Y., Ikegami, M., Stahlman, M.T., Kaestner, K.H., Ang, S-L. and Whitsett, J.A.:  Foxa2
is required for transition to air breathing at birth.  Proc. Natl. Acad. Sci. USA 101:14449-14454, 2004.

7. Wan, H., Dingle, S., Xu, Y., Besnard, V., Kaestner, K.H., Ang, S-L., Wert, S., Stahlman, M.T. and Whitsett,
J.A.:  Compensatory roles of Foxa1 and Foxa2 during lung morphogenesis.  J. Biol. Chem. 280: 13809-
13816, 2005.

8. Davé, V., Childs, T., Xu, Y., Ikegami, M., Besnard, V., Maeda, Y., Wert, S.E., Neilson, J.R., Crabtree, G.R.
and Whitsett, J.A.:  Calcineurin/Nfat signaling is required for perinatal lung maturation and function.  J. Clin.
Invest. 116:2597-2609, 2006.

9. Park, K-S., Korfhagen, T.R., Bruno, M.D., Kitzmiller, J.A., Wan, H., Wert, S.E., Hershey, G.K.K., Chen, G.
and Whitsett, J.A.:  SPDEF regulates goblet cell hyperplasia in the airway epithelium.  J. Clin. Invest.
117:978-988, 2007.

10. Tompkins, D.H., Besnard, V., Lange, A.W., Wert, S.E., Keiser, A.R., Smith, A.N., Lang, R. and Whitsett,
J.A.:  Sox2 is required for maintenance and differentiation of bronchiolar Clara, ciliated, and goblet cells.
PLoS ONE 4:e8248, 2009.

D. Research Support 

Ongoing Research Support 
R457-CR02  Whitsett (PI) 09/01/92-06/30/12 Cystic 
Fibrosis Foundation (CFF) Development Grant, Component II, Transgenic Core and Enrichment To 
develop gene therapy for cystic fibrosis 
Role:  PI 

R01HL085610  Whitsett (PI) 07/10/06-06/30/11 ABCA3 
and Alveolar Homeostasis 
Aims:  1)  Role of ABCA3 in pulmonary homeostasis in vivo and in vitro, 2) routing, trafficking, and 
degradation of ABCA3 mutant proteins in vivo and in vitro, 3) regulation and potential role of ABCA3 in the 
pathogenesis of acute and chronic lung diseases, and 4) role of ABCA3 in the pathogenesis of acute and 
chronic lung disease and as a modifier of pulmonary diseases in humans. 
Role:  PI 

R01HL090156  Whitsett (PI) 09/28/07-09/30/11 
Transcriptional Control of Respiratory Epithelial Progenior Cells 
Aims:  1) Identification of respiratory epithelial progenitor cells (REPCs) and their transcriptional programs; 
2) Transcriptional programs required for respiratory epithelial progenitor cell (REPC) activity; 2A) Role of Sox
17 in establishing progenitor cell activity in the lung; 2B) Roles of Foxa2 and TTF-1 in repair of the 
respiratory epithelium; 3) Engineering exogenous progenitor cells for replacement therapy; 4) Engraftment of 
REPCs, ES-derived, and MSC/Ps into respiratory epithelium. 
Role:  PI 

R01HL095580 Whitsett (PI) 04/01/09-03/31/13 
Transcriptional Programming of Asthma Related Pathology in Respiratory Epithelial 
Aims: 1)  Role of FOXA2 in the regulation of goblet cell hyperplasia and pulmonary inflammation; 2) Role 
and mechanisms by which SPDEF regulates goblet cell differentiation; 3) Allergen Induced inflammation 
after deletion of Spdef. 
Role:  PI 
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Completed Research Support 

P01HL61646  Weaver (PI) 08/01/04-06/30/09 
Regulation of Respiratory Epithelial Cell Homeostasis 
Project 3:  Role of Stat-3 in Protection of the Lung During Hyperoxia (Ikegami) 
Aims: The goals of this project are to identify the pathway(s) leading to activation of STAT-3 in 
respiratory epithelial cells and the downstream gene targets critical for repair of the lung.  These pathways 
should be of considerable interest in the design of therapeutic strategies for the treatment or prevention of 
acute lung injury. Role:  Co-Investigator 

Project 4:  Foxa1 and Foxa2 in Pulmonary Homeostasis (Whitsett) 
Aims:  1) Role of Foxa1 and Foxa2 in alveolarization and alveolar epithelial differentiation; 2) 
mechanisms controlling Foxa1 and Foxa2 gene expression; 3) role and mechanisms of Foxa1/Foxa2 in 
regulation of transcriptional targets involved in pulmonary maturation; and 4) regulatory role of Foxa1 and 
Foxa2 in innate host defense programs and repair of the lung. 
Role:  Co-Investigator 

R01HL63329  Ikegami (PI) 08/01/03-07/31/07 
Role of Surfactant Protein D in Surfactant Homeostasis 
Aims:  1) Regulation of surfactant homeostasis by SP-D; 2) Correction of surfactant homeostasis in SP-
D(-/-) mice; 3) Effects of SP-D on surfactant homeostasis in vitro; 4) Structural determinants of SP-D mice 
mediate effects on surfactant homeostasis. 
Role:  Co-Investigator 

R01 HL075770  Whitsett (PI) 09/30/03-08/31/07 
SHH and Alveolar Formation 
Aims:  To determine the role of SHH in alveolarization and formation of the pulmonary vascular bed.  Effects 
of SHH on pulmonary artery and bronchial smooth muscle programs will be studied. 
Role:  PI 

R01HL38859  Whitsett (PI) 04/01/03-3/31/08 
Perinatal Expression of Surfactant Protein Gene SP-B 
Aims:  1) Transcription control of SP-B gene expression, 2) role of TTF-1 phosphorylation in SP-B 
gene expression and perinatal lung function, 3) effects of acute SP-B deficiency and 4) response of the 
lung to chronic reduction of SP-B in vivo. 
Role:  PI 

21FY10424  Whitsett (PI) 3/01/10-02/28/11 
March of Dimes 
Genetic Control of Gestation and Lung Maturation in the Mice 
Aims:  Identify mouse strain differences in the timing of lung maturation and its correlation with 
gestational length. 
Role:  PI 
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4. Human Embryonic Stem Cells

* Does the proposed project involve human embryonic stem cells?

If the proposed project involves human embryonic stem cells, list below the registration number of the 
specific cell line(s) from the following list: http://stemcells.nih.gov/research/registry/. Or, if a specific  
stem cell line cannot be referenced at this time, please check the box indicating that one from the 
registry will be used: 

Specific stem cell line cannot be referenced at this time.  One from the registry will be used.
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PHS 398 Modular Budget, Periods 1 and 2
OMB Number: 0925-0001 

Start Date: End Date:

Budget Period: 1

* Direct Cost less Consortium F&A
A. Direct Costs

B. Indirect Costs

Consortium F&A
* Total Direct Costs

Indirect Cost 
Rate (%)

Indirect Cost 
Base ($) * Funds Requested ($)

Cognizant Agency (Agency Name, POC Name and Phone Number)

Indirect Cost Rate Agreement Date Total Indirect Costs

2.  

3.  

4.  

* Funds Requested ($)

07/01/2012 06/30/2013

Indirect Cost Type 

1. MTDC 53 190,000.00 100,700.00

Department of Health and Human Services, Henry 
Williams, Director, Division of Cost Allocation, 
214-767-3230

07/02/2009 100,700.00

250,000.00

6,800.00

256,800.00

357,500.00Funds Requested ($)C. Total Direct and Indirect Costs (A + B)

1.  

Start Date: End Date:

Budget Period:  2

* Direct Cost less Consortium F&A
A. Direct Costs

B. Indirect Costs

Consortium F&A

* Total Direct Costs

Indirect Cost Type
Indirect Cost 
Rate (%)

Indirect Cost 
Base ($) * Funds Requested ($)

Cognizant Agency (Agency Name, POC Name and Phone Number)

Indirect Cost Rate Agreement Date Total Indirect Costs

Funds Requested ($)C. Total Direct and Indirect Costs (A + B)

2.  

3.  

4.  

* Funds Requested ($)

53 165,000.00MTDC 87,450.00

Department of Health and Human Services, Henry 
Williams, Director, Division of Cost Allocation, 
214-767-3230

87,450.0007/02/2009

07/01/2013 06/30/2014

250,000.00

6,800.00

256,800.00

344,250.00
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PHS 398 Modular Budget, Periods 3 and 4

Start Date: End Date:

Budget Period: 3

* Direct Cost less Consortium F&A
A. Direct Costs

B. Indirect Costs

Consortium F&A
* Total Direct Costs

Indirect Cost 
Rate (%)

Indirect Cost 
Base ($) * Funds Requested ($)

Cognizant Agency (Agency Name, POC Name and Phone Number)

Indirect Cost Rate Agreement Date Total Indirect Costs

Funds Requested ($)C. Total Direct and Indirect Costs (A + B)

2.  

3.  

4.  

Start Date: End Date:

Budget Period:  4

* Direct Cost less Consortium F&A
A. Direct Costs

B. Indirect Costs

Consortium F&A

* Total Direct Costs

Indirect Cost Type
Indirect Cost 
Rate (%)

Indirect Cost 
Base ($) * Funds Requested ($)

1. MTDC

2.  

3.  

4.  

Cognizant Agency (Agency Name, POC Name and Phone Number)

Indirect Cost Rate Agreement Date Total Indirect Costs

Funds Requested ($)C. Total Direct and Indirect Costs (A + B)

* Funds Requested ($)

* Funds Requested ($)

53 165,000.00

Indirect Cost Type 

1. MTDC 87,450.00

07/02/2009 87,450.00

Department of Health and Human Services, Henry 
Williams, Director, Division of Cost Allocation, 
214-767-3230

06/30/201507/01/2014

250,000.00

6,800.00

256,800.00

344,250.00

87,450.00165,000.0053

87,450.0007/02/2009

Department of Health and Human Services, 

07/01/2015 06/30/2016

250,000.00

6,800.00

256,800.00

344,250.00
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PHS 398 Modular Budget, Periods 5 and Cumulative

Start Date: End Date:

Budget Period: 5

* Direct Cost less Consortium F&A
A. Direct Costs

B. Indirect Costs

Consortium F&A
* Total Direct Costs

Indirect Cost 
Rate (%)

Indirect Cost 
Base ($) * Funds Requested ($)

Cognizant Agency (Agency Name, POC Name and Phone Number)

Indirect Cost Rate Agreement Date Total Indirect Costs

Funds Requested ($)C. Total Direct and Indirect Costs (A + B)

2.  

3.  

4.  

Cumulative Budget Information

* Funds Requested ($)

*Section A, Total Direct Cost less Consortium F&A for Entire Project Period

1. Total Costs, Entire Project Period

Section A, Total Consortium F&A for Entire Project Period

*Section A, Total Direct Costs for Entire Project Period

*Section B, Total Indirect Costs for Entire Project Period

*Section C, Total Direct and Indirect Costs (A+B) for Entire Project Period

2. Budget Justifications

1,250,000.00

34,000.00

1,284,000.00

450,500.00

1,734,500.00

 $

 $

 $

 $

 $

Personnel Justification

Consortium Justification

Additional Narrative Justification

View AttachmentDelete AttachmentAdd Attachment

View AttachmentDelete AttachmentAdd Attachment

Jobe_BudgetJustification.pdf

RFP_ConsJustif_JOBE.pdf

View AttachmentDelete AttachmentAdd Attachment

87,450.00165,000.0053

Indirect Cost Type 

1. MTDC

07/02/2009 87,450.00

Department of Health and Human Services, Henry 
Williams, Director, Division of Cost Allocation, 
214-767-3230

07/01/2016 06/30/2017

250,000.00

6,800.00

256,800.00

344,250.00
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Noah-BudgetJustification 

MODULAR BUDGET PERSONNEL JUSTIFICATION 

Senior/Key Persons 

Alan H. Jobe, MD, PhD (1.8 calendar months for years 1 to 3 and 1.2 calendar months for years 4 to 5) is 
the Principal Investigator for this grant. This grant was developed by Drs. Jobe, Kallapur, and Hillman and all 
aspects of the work will be supervised or performed by them.  The sheep work in Western Australia will be 
done with both Drs. Jobe and Hillman in attendance.  Dr. Jobe assists with surgery and with all autopsies.  
The laboratory work will be completed in Cincinnati along with data analysis and manuscript writing either 
directly by or supervised by Dr. Jobe. 

Noah Hillman, MD (2.4 calendar months) is a critical co-investigator as he is presently funded (July 2009 to 
July 2014) by a K08 from NHLBI to explore lung injury in the preterm lung.  This grant will be the support 
grant for this K08 award.  The subject of this new grant is a direct extension of his research interests.  He will 
travel to Western Australia each year to perform the animal components of the experiments.  He will directly 
supervise the lab-based work at Cincinnati.  He also will develop new assays and reagents as needed for 
the project.  His salary at this effort will start from this grant August 1, 2014 (K08 project ends 7/31/14). 

Suhas Kallapur, MD (0.6 calendar months) is the co-investigator responsible for the wet laboratory at 
Cincinnati.  He also is responsible for lab-based work that must occur in Western Australia.  He will assist 
with assay development, study design, and data analysis.  He will help supervise the technical support. 

Jeffrey A. Whitsett, MD, Consultant (No effort) Dr. Whitsett is a world-renowned pulmonary investigator, 
whose lab is adjacent to our laboratory.  He has been a valued collaborator and consultant for many years.  
One of his current interests is in airway injury and repair in transgenic mouse models.  He is defining the cell 
lineages and gene expression networks that program epithelial injury and repair.  He has shared with us 
reagents used to generate preliminary data for this grant and he will help us develop new reagents for use in 
the fetal sheep model.  He also will help us with laser capture and gene expression studies.  

Other Personnel 
Megan McAuliffe (12 calendar months) is a Research Technician III at Cincinnati Children’s Hospital 
Medical Center who is presently working on the project.  She has expertise for tissue preparation, 
immunohistology, PCR, and the other lab-based skills for the project.  Her time is necessary to assist with the 
extensive number of assessments. 

Consortium Costs - University of Western Australia 

YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 

Direct $85,000 $85,000 $85,000 $85,000 $85,000 

Facilities and administrative     7,000     7,000     7,000     7,000     7,000 

TOTAL  $92,000  $92,000  $92,000  $92,000  $92,000 
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CONSORTIUM JUSTIFICATION 

Consortium Arrangement - Foreign 

University of Western Australia School 
of Women’s and Infant’s Health 

Consortium Costs 

YEAR 3 YEAR 4 YEAR 5 

Direct 

YEAR 1 YEAR 2 

$85,000 $85,000 $85,000 $85,000 $85,000 

Facilities and administrative     7,000     7,000     7,000     7,000     7,000 

TOTAL $92,000 $92,000 $92,000 $92,000 $92,000

Consortium Personnel 

John P. Newnham, MD (1.2 calendar months) will be the PI for the subcontract.  He is an established 
investigator in Maternal-Fetal medicine and Obstetrics and Gynecology.  Dr. Newnham has extensive 
experience with the sheep model.  He has worked collaboratively with Dr. Jobe for 21 years.  He will organize 
and supervise all aspects of sheep breeding, fetal surgeries, and fetal treatments.  He will assist Dr. Jobe 
with experimental design and data analysis.  No salary is requested since Dr. Newnham’s salary is paid by 
the University of Western Australia. 

Matthew Kemp, PhD (3.0 calendar months) The intensive nature of antenatal interventions and fetal 
treatments associated with this project require Matt Kemp, a highly skilled fetal physiology researcher to 
assist us for the deliveries, fetal surgeries, and fetal treatments.  In addition, Dr. Kemp will be responsible for 
writing and submitting animal ethics committee applications in Western Australia, organizing breeding, 
scanning and transport of the ewes, and will supervise histological work including sample preparation.  Dr. 
Kemp will supervise sample shipments and ensure that data analysis undertaken in Australia are processed 
and published in a timely fashion. 

Research Assistant (4.8 calendar months) A research technician in Western Australia is required to assist 
Dr. Kemp in the care and maintenance of the ewes for the research program.  The technician will assist with 
management of the ewes during the intensive experimental period, and also have responsibility for organizing 
supplies for the studies, and for obtaining permits and arranging the transport of samples to international 
collaborators at the completing of the experimental period.  The research assistant will also perform cell 
counts, prepare slides for cytospin, and assist with studies. 
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PHS 398 Research Plan
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SPECIFIC AIMS. 
Approximately 10% of all newborns and the majority of very low birth weight preterm infants need some 
assistance to breathe at birth. However the optimal maneuvers to recruit functional residual capacity (FRC) 
and ventilate the lungs without injury have not been defined, as stated by the 2010 International Liaison 
Committee on Resuscitation (ILCOR) (1). The potential to harm the lung, especially the preterm lung, is great 
since all resuscitation interventions use positive pressure rather than the negative intrathoracic pressure 
generated by spontaneous breathing (2). Initiation of ventilation with positive pressure ventilation (PPV) 
stretches the preterm airways, and causes airway epithelial injury which progresses to diffuse lung 
inflammation (3-5). The 2010 ILCOR guidelines identify the gaps in knowledge as the tidal volumes (VT), peak 
inspiratory pressures, and inspiratory time targets to optimize initial ventilation for preterm and term infants 
who need assistance at birth (1). Further, there are two competing outcomes: the rapid initiation of gas 
exchange and the minimization of lung injury. The evaluation of lung injury following delivery room maneuvers 
clinically is confounded by continued PPV and oxygen exposure (4). We developed a fetal sheep model to 
separate injury initiated during ventilation following birth from continued ventilation (4). We can evaluate 
resuscitation maneuvers designed to reduce lung injury during the transition to air breathing (4, 5). Using 
biomarkers of airway stretch and lung inflammation developed by our group, we recently addressed an ILCOR 
defined knowledge gap by demonstrating a benefit of PEEP and surfactant in initiation of ventilation in the 
preterm lung (6). Clinicians routinely introduce new treatments, such as a sustained inflation (7, 8), into 
newborn care without knowledge of its benefits or potential for injury. The goal of this grant is to determine 
the safe and useful recruitment maneuvers for newborn resuscitation in preterm and near-term lambs, 
evaluations that cannot be easily assessed clinically. Our major contributions will be to identify the 
mechanisms that initiate and propagate lung injury. Our recent results demonstrate that airway stretch initiates 
acute phase injury responses in the airways that are perhaps inevitable with the initiation of ventilation with fluid 
filled fetal lungs. We hypothesize that protective ventilation strategies will minimize acute phase injury 
pathways in conducting airways and lung parenchyma to avoid generalized lung inflammation. We also will test 
whether the severity of lung injury is dependent on gestational age (GA), and which acute phase injury 
pathways are activated during initiation of ventilation of very preterm, moderately preterm and term lungs. We 
will utilize a highly reproducible lamb model of resuscitation of the fluid filled lung and apply advanced 
molecular techniques to build the knowledge base for ILCOR resuscitation guidelines for both preterm and 
term infants. 
Specific Aim 1. Recruitment maneuvers at birth in the preterm. We hypothesize that initial lung gas 
volume recruitment maneuvers that rapidly achieve FRC will decrease the activation of acute phase 
inflammatory pathways. Initial sustained inflations are being evaluated in preterm infants because they rapidly 
recruit FRC (9), but little is known about the effects of these inflations on initial or subsequent lung injury. We 
will define the injury responses to initiation of ventilation with 1) gradual recruitment using increasing VT, 2) 
rapid recruitment using sustained inflations as compared to 3) constant VT ventilation. We also will localize 
activated injury pathways to the airways, lung parenchyma, and airspace fluid. 

Specific Aim 2. Gestational age differences in response to recruitment maneuvers. We hypothesize that 
recruitment maneuvers that are beneficial for very and moderately preterm lambs will have little benefit for the 
lungs of near-term lambs. We will determine which acute phase injury pathways are activated at different 
stages of lung development. Although the major pathologies associated with mechanical ventilation occur in 
preterm infants, the majority of infants receiving PPV in the delivery room are term(10). We will test whether a 
ventilation strategy protective for the preterm will have benefit for near-term lamb lungs. 

Specific Aim 3. Recruitment maneuvers with continued ventilation in the preterm. We hypothesize that 
initiation of ventilation in newborn, preterm lambs using a lung protective strategy will decrease the propagation 
of the initial injury and minimize subsequent lung injury in surfactant treated preterm lambs ventilated for 4 h 
and 24 h. We will test if an initial lung protective strategy can minimize the injury resulting from routine 
ventilation that occurs in the NICU. We will evaluate gene products and injury indicators to identify potential 
therapeutic targets. 

These innovative studies will define the molecular and physiologic responses to recruitment maneuvers 
in preterm and near-term lambs, resulting in new insights into how injurious pathways progress to acute and 
chronic lung disease. These studies will provide a scientific basis for ILCOR recommendations for clinical 
practices that are very difficult to verify by clinical trials.  
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Research Strategy 
Significance: A rationale for this RFP for neonatal resuscitation is to develop a scientific basis for the very 
frequently required ventilatory assistance for preterm and term infants at birth. ILCOR has specifically stated 
the gaps that exist in the knowledge base for neonatal ventilation include a  lack of evidence for the VT 
and pressure used, the utility of FRC recruitment maneuvers, and preterm and term goals for 
optimizing ventilation at birth (1). These gaps are difficult to explore in the clinical setting because of the 
necessities to resuscitate without focusing on single components of the procedure, the great variability in the 
clinical status of infants, and the need to continue support beyond the specific intervention. Further we 
anticipate that the goal of rapidly achieving effective ventilation that is desired clinically will in general be 
injurious to the lungs. A clear example from Adult Respiratory Distress Trials is that High VT improves 
oxygenation – a short term benefit, but is associated with increased mortality from progressive lung injury 
relative to lower VT (11). The injury caused by the initiation of ventilation cannot be studied with any complexity 
or in depth because tissue is not available and subsequent ventilation and support can cause injury 
progression and obscure the intervention being tested (4). Thus, animal model experiments are essential to fill 
the gaps identified by ILCOR. We have extensive experience with a preterm lamb model for fetal ventilation 
followed by intrauterine intervals of 15 min to 7 days to allow the injury response to develop in isolation from 
continued ventilation and oxygen exposure. We demonstrated that the initial injury is to the larger airways(3), 
that PEEP and surfactant treatments can decrease injury(6), that corticosteroids and inhibitors of IL-1β or IL-8 
do not decrease injury(12, 13), and that high body temperatures can increase injury (14). We will use this 
model to specifically test the early response gene expression that activates inflammatory pathways and the 
location of expression of the inflammation within the lungs of preterm and term lambs exposed to ventilation 
maneuvers, which match the gaps identified by ILCOR. The results will provide a deep picture of the initial 
injury responses of newborn lungs, which will allow us to identify less injurious strategies for the initiation of 
ventilation. The results also will allow us to identify potential treatment targets and biomarkers for the field. The 
third Specific Aim will test if a strategy to minimize injury will work in practice in the animal model by combining 
the resuscitation maneuver with subsequent ventilation – the clinical reality. These results will provide 
information not otherwise available for future recommendation about how ventilation of preterm and term lungs 
can be minimally injured during resuscitation. We anticipate the results of these studies will become integrated 
into ILCOR recommendations to guide clinicians.  

Innovation: We propose translational experiments that use sheep models of lung injury that we have 
developed (4, 15). In this model, we will separate injury that is caused during an initial 15 min ventilation 
maneuver from continued ventilation, thus allowing evaluation of resuscitation maneuvers designed to reduce 
lung injury during the transition to air breathing at birth (4, 5). An example of the utility of this novel fetal 
maneuver is our recent demonstration that positive-end expiratory pressure (PEEP) decreased injury during 
the initiation of ventilation. We and other research groups had demonstrated a benefit of PEEP for recruitment 
of FRC and oxygenation, but no one had demonstrated less injury if PEEP is used (16-19). The model allows 
us to use specific biomarkers, developed by our group, of airway stretch (HSP70) and parenchymal injury (Egr-
1) to evaluate the location of injury responses in the lungs. Many VLBW infants are severely surfactant
deficient and will receive ventilation prior to surfactant treatment (20). We can evaluate the lung injury that 
occurs prior to surfactant treatment in surfactant-deficient animals at 118 or 128 days gestational age, prior to 
the variability in injury responses that occur as surfactant pools increase (13). These surfactant-deficient lambs 
have uniform injury responses that allow us to use small numbers of animals to acquire consistent information 
on injury response pathway, which is not possible in the clinical setting. By maintaining placental circulation, 
the fetal model also allows for return of the fetus to the uterus for prolonged periods of time (we have done up 
to 7 days) to measure progression of injury and evolution of molecular expression patterns (5). We will also 
validate protective strategies and potential therapeutic pathways in a newborn model. The sheep is an 
excellent large animal model for preterm human airway injury because the airways have similar cell types and 
cell distributions to the human airway epithelium (21-23). Similar to humans, sheep have submucosal glands in 
the cartilaginous airways that are thought to be the source of progenitor cells for epithelial repair (24). We have 
cell-type specific antibodies (See approach section) for the co-localization of inflammatory responses in 
epithelial cell types. We will use the recent sequencing of the sheep genome to explore in depth gene 
expression pathways using deep exonic mRNA sequencing, now available at CCHMC. Our proposal is 
innovative because it uses both a unique fetal sheep model to evaluate components of resuscitation and with 
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physiology linked to advanced molecular techniques to delineate the injury pathways in a model relevant to 
humans.   
Background: The initiation of ventilation at birth is unique because the fetal lung must transition rapidly at birth 
from fluid filled airspaces to gas exchange to sustain life. Normal newborns inflate their lungs at birth by 
generating large negative pressure breaths, which pulls the lung fluid from the airways into the distal airspaces 
and parenchyma. The infant continues to clear lung fluid with subsequent inflations (25, 26). However, the 
majority of very low birth weight (VLBW) infants need some form of assistance at birth to breath (1, 27). The 

airways in the preterm lung  stretch with 
normal ventilation pressures, and the 
decreased surfactant pools in the preterm 
lung require higher pressures for aeration 
and result in non-uniform expansion of 
the lung with areas of focal over-
distension and atelectasis  (Figure 1) (2, 
28). The initial ventilation of the preterm 
lung will occur before much of the 
endogenous surfactant is secreted (9) 
and many of these infants have severe 
surfactant deficiency. Surfactant therapy 
cannot practically be given before the 
initiation of ventilation. In sheep models, 
we demonstrated that the bronchi and 
bronchioles were the sites of initial injury 

(focal expression of IL-1, Egr-1, loss of HSP 70) to a brief 15 min period of escalating VT to 15 mL/kg (3). Acute 
phase response genes involved in inflammation, angiogenesis, vascular remodeling, and apoptosis were 
activated within the lung. Immunologically active proteins (HSP70, HSP60) were released by the airway 
epithelium into the airspace fluid (6). The initiation of ventilation in preterm sheep with escalating VT for 15 min 
stretches the airways and causes airway epithelial injury which progresses to diffuse lung inflammation and 
induced lung maturation by 24 hrs (3-5). These striking effects result in part from injury of the epithelium of the 
small airways by movement of the air-fluid interface (3, 29). Recent clinical studies of resuscitation 
demonstrate that the ability of clinicians to regulate and deliver PEEP, peak pressure, and VT to infants (or in 
simulation) is very poor, with the delivery of high VT occurring frequently (30, 31). Clinicians using a T-piece 
resuscitation with preterm infants (< 32 weeks) provided tidal volume breaths between 0 to 31 mL/kg (31). As 
few as six large VT breaths at birth can eliminate the response to surfactant treatment in preterm sheep (32). 
As with preterm sheep, ventilated very low birth weight (VLBW) infants have increased pro-inflammatory 
cytokines (IL-8, IL-1β, IL-6, and MCP-1) in tracheal aspirates soon after birth, which correlate with an increased 
risk of BPD (33, 34). Ventilation of preterm infants with respiratory distress increased plasma levels of IL-1β, 
IL-8 and TNF-α and decreased levels of the anti-inflammatory cytokine IL-10 (35).  In a preliminary study of 
differential stretch, we escalated the VT to 8 or 15 ml/kg by 15 min with return of the fetus to the uterus for 2 

hours (Figure 2). We used 8 mL/kg 
because it is the normal VT of 
spontaneous breathing sheep 
(which is higher than the 5 mL/kg 
VT of healthy newborn infants).  In 
these pilot studies, we found 
decreased activation of some 
cytokines (IL-1β, MCP-1) with the 
smaller VT.  Other cytokines, such 
as IL-6, were equally activated at 
both VT of 15 mL/kg and 8 mL/kg, 
demonstrating a differential 
response between inflammatory 
mediators and the potential to 
identify pathways for intervention. 
Egr-1 protein expression was 
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localized to the parenchyma around the bronchioles with a VT of 8 mL/kg, but was generalized throughout the 
parenchyma with 15 mL/kg ventilation (Figure 2).The decreased activation of some acute phase responses (IL-
1β) with less recovery of protein in BAL by VT 8 ml/kg relative to VT 15 mL/kg demonstrate that the ventilator 
strategy can decrease injury. VT 8mL/kg did not decrease expression of IL-6 or MCP-1, demonstrating that 
even low VT resulted in injury. It is not known which of the transcription factors and inflammatory mediators that 
are altered by ventilation at birth will contribute to the pathways leading to BPD. Oxygen, a clinically relevant 
variable in resuscitation, will not be studied in this grant because preliminary data: 100% oxygen did not 
change acute phase responses with low VT (Figure 2). Our in-depth studies will identify biomarkers and 
pathways that can be clinically useful and may be targets for new therapies. 

Overview of the Experimental Plan: We propose three specific aims to answer gaps in our knowledge, as 
outlined by ILCOR guidelines, about the optimal VT and recruitment maneuvers during resuscitation of both 
preterm and term infants. Little is known about what VT is excessive for preterm infants and which inflammatory 
and developmental pathways are activated during this unique transition to air breathing. The similarity of sheep 
and human airway cell populations will make the results relevant for the understanding of airway injury/repair in 
the human. These experiments will inform clinical practice about how to think about lung injury caused at birth
and ways to reduce it.  

Approach: Specific Aim 1. Recruitment maneuvers at birth in the preterm. 
Introduction: The transition from a fetus to a newborn requires the initiation of breathing with clearance of fluid 
from airways such that ventilation of the distal airspaces can occur. Spontaneously breathing term newborn 
rabbits quickly clear fluid from their airways at birth, with 50% of lung aeration occurring with the first three 
breaths(25). The rabbits increase the inspiratory volume to expiratory volume ratio to rapidly increase 
functional residual capacity (FRC)(36). Normal newborn infants generate very high inspiratory pressures at 
birth to open their lungs (37). Many preterm infants do not breathe or cannot generate enough pressure at birth 
and require positive pressure ventilation. Researchers have begun to explore ways to decrease injury during 
the recruitment of FRC. In newborn rabbits, the use of PEEP during the initiation of ventilation increased FRC 
(16). Surfactant treatment more uniformly distributes the FRC within the lungs (38). We recently demonstrated 
in the fetal lamb that PEEP and surfactant  decrease lung in jury caused by a 15 min escalating VT to 15 mL/kg 
(6). Using our unique model, we will test the hypothesis that recruitment maneuvers can decrease lung injury 
from the initiation of ventilation at birth. 

Justification and preliminary studies: 
As the concept of “open lung” ventilation became more accepted in adults with ARDS, researchers began 

to ask whether a sustained inflation at birth would decrease atelectasis and improve lung recruitment (39, 40). 
In a rat model of ARDS, a sustained inflation recruited the majority of alveoli within the first few seconds of 
beginning the maneuver (41). A sustained inflation for 10 to 20 seconds also increased the inspiratory volume 
and recruitment of FRC in rabbits at birth (42). In preterm lambs, a 1 minute sustained inflation improved 
oxygenation while cardiovascular variables and cerebral oxygen delivery were stable (9). Preterm infants 
managed with a sustained inflation of 25 cmH2O for 15 seconds had a decreased need for and duration of 
mechanical ventilation (7). Spontaneously breathing very preterm infants who received short sustained 
inflations, verses a few manual breaths, before being placed on CPAP were less likely to need intubation in 
first 72 hours after birth (8). The more routine use of T-piece resuscitators has made sustained inflations more 
feasible in the delivery room (43). Although the physiology seems logical, very little is known about the effects 
of sustained inflation on lung injury or inflammatory pathways in the preterm lung.  

An alternative approach to rapid recruitment of FRC with a sustained inflation would be a slow 
recruitment by gradual increases in VT. Small VT ventilation would likely cause a transient hypercarbia , which 
will resolve with continued ventilation. The slow increase in VT may cause less airway distention and a more 
even distribution of tidal volume (Figure 1). We emphasize small airways because small airway injury 
continues to be prominent in children with a history of BPD (44, 45). School-age children diagnosed with 
moderate to severe BPD have decreased FEV1, increased respiratory symptoms, and decreased peak flow 
measurements (45). Very preterm infants may be more vulnerable to airway injury since they are born with the 
lung at the saccular stage of development, before the formation of alveoli (46).  In contrast to the adult lung, 
airways in the preterm lung stretch with normal ventilation and disruptions of airway epithelium are prominent 
in the lungs of infants who have died of RDS (28, 47). Thus the recruitment may increase FRC but has the 
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potential to injure the airways. We reported airway injury due to the initial stretch in preterm lamb lungs based 
on a number of markers. (3, 6). Heat 
shock protein 70 (HSP70) mRNA 
disappears from the airway 
epithelium with ventilation and 
appears in the airway smooth muscle 
(Figure 3A-B). HSP70 is of particular 
interest because it is a chaperone 
protein for misfolded proteins within 
the cell and is an extracellular danger 
signal, by acting as an endogenous 
ligand for toll-like receptor 4 (48). 
HSP60 (toll-like receptor 2 ligand) 
also is released into the airways after 
ventilation (Figure 3C). Nuclear 
receptor 4A1 (NR4A1), an acute 
phase response gene involved in 
angiogenesis, also increases with 
ventilation around the airways and in 
the parenchyma (Figure 3D-E). 

Ventilation up-regulates some genes in the parenchyma (NR4A1) and down regulations others (HSP70). By 
using expression studies to identify multiple genes and pathways, we will be able to understand the balance of 
changes that translate to lung injury. A clear example of how a stretch injury causes activation of signaling 
pathways distinct from injury is our demonstration that high VT  ventilation induced maturational effects within 
24 hr – increases in surfactant protein mRNA and Pu.1 as an indicator of lung macrophage maturation (5). 
Clinicians are beginning to use lung recruitment techniques for newborn resuscitation, such as a sustained 
inflation (7, 8), without knowledge of benefits or the potential for injury. 

Research Design:  Using the fetal sheep model, we will evaluate recruitment maneuvers on lung injury during 
the initiation of ventilation that are now being introduced clinically (7). We will evaluate the recruitment 
maneuvers combined with moderate VT ventilation of 6-8 mL/kg or large VT ventilation of 13-15 mL/kg for 15 
minutes with return of the fetus to the uterus for 30 minutes (immediate gene response profile). Based on our 
previous use of the fetal model, we will study: a) three 5 second sustained inflations, a time used clinically(7), 
and b) a 20 second inflation, a time that has been used in physiologic experiments (42). 
Experiments 1a and 1b: Recruitment Injury in Preterm Lambs.  
Animal Manipulation - Fetal Model: Premedicated and isoflurane anesthetized date-mated Merino Ewes are 
mechanically ventilated, and the fetal head and chest are exteriorized through a midline hysterectomy, while 
maintaining placental blood flow (4).  The fetal chest is exposed to allow lung expansion that is not limited by 
intra-uterine pressures.  The fetus is orally intubated and lung fluid is passively removed from the large airways 
with a syringe and suction catheter (3, 4).  
The lambs will be randomized to one of four interventions: 1) ventilation with a constant VT from birth for 15 

minutes, 2) sustained inflation to 30 
cmH2O pressure for three 5 second 
intervals or 3) sustained inflation for 20 
seconds. The lambs will then be 
ventilated with constant VT for 15 minutes. 
4) Gradual recruitment – lambs will be
started on VT of 2-3 ml/kg for 2 minutes, 
then 4-5 ml/kg for 2 minutes, then 5-6 
ml/kg for 2 minutes before ventilation with 
a constant VT for the remaining 9 minutes. 

Following the procedures the constant VT will be 6-8 mL/kg or 13-15 mL/kg, except for the gradual recruitment 
procedure to 15 mL/kg. For the stretch injury, we will use Dräger Babylog 8000+ventilators for VT ventilation 
based on estimated fetal weight with a ventilation rate of 40 breaths/min, a PEEP of 5 cmH20 and an 
inspiratory time of 0.7 sec using heated, humidified 100% nitrogen to avoid oxidant exposure. The VT and 

Recruitment Intervention Minutes Subsequent 
VT for 15 min 

N per 
group 

Constant VT 
Constant VT 
Sustained inflation - 5 s x3 
Sustained inflation - 5 s x3 
Sustained inflation - 20 s 
Sustained inflation - 20 s 
Gradual Recruitment of VT 
Surgical controls – no VT

30 
30 
30 
30 
30 
30 
30 
30 

6-8 mL/kg 
13-15 mL/kg 

6-8 mL/kg 
13-15 mL/kg 

6-8 mL/kg 
13-15 mL/kg 

6-8 mL/kg 
None 

7 
7 
7 
7 
7 
7 
7 
6 

54 singletons 
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pressure will be monitored with a separate pneumotach, transducer, integrater, and recorder to allow us to 
accurately measure VT and accumulation of FRC during maneuvers (19, 42, 49). We anticipate we may need 
to adjust the pressures to achieve the desired FRC volume based on experience with the maneuvers. Our goal 
is to achieve an FRC of about 20 mL/kg by the end of the maneuver. Control lambs will receive all the surgical 
procedures, and a PEEP of 5 cmH20 but no ventilation for 15 minutes.  We previously found no differences 
between surgical controls and unmanipulated fetal controls. In this experiment, all fetal lambs will be returned 
to the uterus with maintenance of placental blood supply for 30 minutes after the 15 min intervention.   

Experiment 1b – Effective recruitment maneuvers over time and VT:   We will evaluate the most effective 
recruitment maneuver (determined by Experiment 1a) on initiation of ventilation with 6-8 or 13-15 mL/kg 
(determined in Experiment 1a) for 15 minutes with return of the fetus to the uterus for 30 minutes (immediate 
gene response profile, animals from 1a), 4 hours (early progressive lung injury), and 24 hours (late fully 
developed injury profile). Analysis of several time intervals allows us to characterize the change in molecular 
expression patterns as the injury progresses (5). An example of such changes in expression is HSP70 mRNA, 
which is: a) present in the airway epithelium of control lambs, b) lost from the epithelium 1 hour after large VT 
ventilation, c) strikingly increased in epithelium 6 hours after ventilation, and d) at control levels by 24 hours.

Fetal lambs at 128±1d gestation (term~150d) will receive the same fetal procedure and ventilation as 
experiment 1a and be randomized to: 

Tissue Collection and Analysis for 
Experiment 1a and 1b (Box 1).  Fetal lung
fluid will be collected at autopsy for 
measurement of HSP70 and HSP60. 
Bronchoalveolar lavage fluid (BAL) of the 
left lung will be collected by repetitive 
saline lavage (4). BAL will be used for 
measurement of total protein (32), cell 

counts, and ELISA measurements of HSP70 and HSP60 (6). BAL will stored for further evaluations based on 
gene expression studies (6). Saturated PC levels will also be used to estimate surfactant pool sizes (15). After 
lavage, the left mainstem bronchi will be scrapped and cells collected for mRNA. Regional sampling will be 
done throughout the dependent and non-dependent areas of the right lung for mRNA. Tissue will be collected 
from the liver, thymus, posterior mediastinal lymph node for histology and snap frozen for mRNA isolation for 
analysis for systemic responses. The right upper lobe will be inflation fixed with 10% formalin at 30 cm H20 and 
paraffin embedded (30). Samples of the 
trachea and right mainstem bronchi will be 
both formalin fixed and embedded in OTC 
for frozen sections for laser capture of 
mRNA.   
mRNA Analysis. Total mRNA is extracted 
from tissues or epithelial scrapings using a 
Trizol method and cDNA generated (Verso 
cDNA kit, Thermoscientific, UK). Cells from 
the airway epithelial, submucosal glands, 
and distal lung parenchymal tissue mRNA 
can also be isolated from fixed blocks or frozen sections with laser capture microdissection using the Veritas 
Microdissection System in our Division of Pathology. Using custom Taqman gene primers (Applied 
Biosystems, USA) based on sheep sequences, quantitative RT-PCR will be performed with 25 ng cDNA using 

Taqman Master mix in 20 µl reaction on 7300 RT-PCR 
machine and software (Applied Biosystems, USA). 18S 
primers (Applied Biosystems, USA) will be used for 
internal loading controls, and results will be reported as 
fold increase over mean for control animals. For total 
mRNA sequencing, cDNA libraries will be prepared by 
the Illumina TruSeq mRNA-seq library preparation 

method. Clusters are generated on the flowcell by the Illumina cBot and are sequenced on the Illumina HiSeq 
2000 model sequencer.  The flowcell will be a SR (single-read) version 1.5 and the run was 58 cycles, 51 for 

Injury progression in utero 
Intervention – 15 min Time N Time N Time N 
Constant VT 
Recruitment Maneuver   
Surgical controls – no VT

30 min 
30 min 
30 min 

7* 
7* 
6* 

4 hr 
4 hr 
4 hr 

7 
7 
5 

24 hr 
24 hr 
24 hr 

7 
7 
5 

38 singletons 
* Lambs from experiment 1a will be used for 30 min groups to
decrease animal use 
 

Box 1: Tissue sampling and molecular applications for accessing injury
Tissue Type Injury markers

Fetal lung fluid HSP70, HSP60 
BAL (left lung) Total protein, Cell count,  HSP70, HSP60, SatPC
Trachea - Fixed Injury scores on epithelium. HSP70, Egr-1, MCP-

1, αSMA, elastin, NR4A1, CTGF 
Cell type markers (FoxA3, FoxJ1, p63, TTF-1) 

Right Upper Lobe - Fixed 
Right Mainstem Bronchi - Fixed 
Right Lower Lobe – Frozen mRNA and protein analysis of: 

Cytokines (IL-1β, MCP-1, IL-8, IL-6), acute phase 
genes (Egr-1, HSP70, Cyr61, CTGF), surfactant 

Right Mainstem Bronchi - Frozen 
Left Mainstem Cell scraping
Plasma Cytokines, cortisol, c-reactive protein, haptoglobin

Table 1: Comparison of mRNA sequencing with RT-PCR data 
 mRNA Sequencing RT-PCR 

(Fold increase over Control) 
IL-1β   11.6 16.7 
IL-6 10.1  44.3 
Egr-1 22.9 38.7 
CTGF 12.7 8.9 
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the seqencing read and 7 to interrogate the indexes (barcodes) that allowed us to multiplex six samples per 
flowcell lane. Libraries generated are 10 to 30 million reads per sample, and analyzed on GeneSpring (Agilent 
Technologies, USA).   We have full access to the informatics required for such analyses within the Division 
of Pulmonary Biology (see letter from Dr. Jeffrey Whitsett). Results from mRNA sequencing will be confirmed 
by quantitative RT-PCR, as demonstrated by preliminary data analysis demonstrating similar fold increases 
for mRNA sequencing and RT-PCR using 3 lung samples from animals exposed to escalating VT to 15 
mL/kg relative to 3 unventilated controls (Table 1). 
Immunohistochemistry/In situ Hybridization. Immunostaining protocols will use paraffin sections (5 µm) of 

formalin fixed tissues (50). Immunostaining will be visualized 
by Vectastain ABC Peroxidase Elite kits to detect the 
antigen:antibody complexes (Vector Laboratories Inc, USA). 
The antigen detection will be enhanced with nickel-DAB, 
followed by TRIS-cobalt and the nuclei counterstained with 
nuclear fast red or eosin (51). We currently have antibodies for 
many acute phase reactants (HSP70, Egr-1), cytokines (IL-1β, 
MCP-1) and cell specific transcription factors (FoxA1, FoxJ1, 
SPDEF, TTF1). Co-localization of proteins can be done using 
florescent antibodies and confocal microscopy (Figure 4). In 
situ localization of mRNA will be performed with digoxigenin-
labeled anti-sense sheep riboprobes (Roche, USA) (3). Based 
on analysis of mRNA sequencing, new in situ probes for 
sheep will be used for localization. Percent staining or positive 
cells/hpf can be quantified on random, blinded images with 
Metamorph 3.5 (Universal Imaging Corp, USA). 
Statistical Analysis. These experiments have 
immunohistochemical, histologic, cytokine, and protein 
measurements that will be compared between groups and to 
surgical controls.  The fetal studies will have large differences 
between an intervention group and controls because the fetal 
controls are uniform and negative for inflammation. However, 

we are measuring changes between groups following controlled injuries.  We have based our N of 7 animals 
per group on the examples in the table of measurements made for animals following a stretch injury of 15 

mL/kg or 8 mL/kg. (Table 2) (4, 52). Six 
to seven animals per groups will also 
allow for stratification based on VT and 
the recruitment maneuver. We anticipate 
large increases in the signals with injury 
and large decreases if a maneuver if 
effective. We will use analysis of variance 
with parametric and nonparametric 
significance tests as appropriate (4, 5). 

Expected outcomes: Experiment 1a. We anticipate there will be differences in the airway and peripheral gene 
expression responses to the recruitment maneuvers. Lung recruitment maneuvers may decrease distal lung 
injury, but increase airway injury. Based on our studies of PEEP and surfactant, we have adequate markers of 
both airway stretch and parenchymal activation to differentiate between groups and to select a recruitment 
maneuver for further testing (6). Analysis of complete mRNA sequencing should identify new developmental 
and inflammatory pathways to explore at other time points.   Experiment 1b. We anticipate 6-8 mL/kg will have 
the least injury defined as less parenchyma injury and activation of acute phase response genes. There will 
likely be some injury to the larger airways at the lowest VT and increased large airway injury by the higher VT. 
There also will be differences between acute gene responses at 30 min and progression of injury at 4 hr and 
24 hr. When possible based on availability of antibodies, mRNA changes at 30 min will be confirmed by protein 
changes at 4 hr and 24 hr. Analysis of changes will be made against ventilation control groups (VT 6-8 ml/kg) 
and surgical controls.  

Table 2: Power Calculations for Experiment 
Variable  VT 15 mL/kg 

(mean±SD) 
VT 8 mL/kg  
(mean±SD) 

Sample 
Size 

Power 

BALF Total Protein (mg/Kg) 

IL-1β   mRNA 
(Fold Increase vs Control) 

MCP-1 mRNA 
(Fold Increase vs Control) 

75±18 

21±7 

59±18 

25±5 

3.0±0.3 

19±1 

4 

4 

3 

90% 

90% 

90% 
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Potential Problems and Alternative Strategies: We anticipate no problems performing the proposed procedures 
or molecular measurements based on the preliminary data and the experience we have with the model (3, 4). 
We will test the recruitment maneuvers at a gestation prior to the appearance of surfactant to avoid the 
confounding effects of differential surfactant effects (13). Our approach will be to carefully define if recruitment 
maneuvers can modulate injury responses using the multiple new assays that we have available. We also will 
selectively expand the analyses as appropriate. We will use laser capture analysis of mRNA for selected cell 
populations.  The measurement could be expanded to additional time points or recruitment maneuvers (such 
as prolonged inspiratory time or variable VT ventilation). We have assays for multiple cytokines for sheep.  We 
have tested the antibodies for the immunolocalization and co-localization of cells and mediators and have 
found that most antibodies to transcription factors or intracellular signaling molecules that work in the mouse or 
human also work in sheep. The fetal lung fluid, BALF, and plasma can be used for proteinomic analysis with 
the Mass Spectroscopy Core at CCHMC. This would allow us to identify additional biomarkers for early lung 
injury or inflammation. We have also developed a sheep primary lung epithelial cell culture system on which to 
test the effects of biological fluids and potential pharmacologic inhibitors. From the perspective of clinical 
relevance, the majority of very preterm infants are surfactant deficient to some degree. Since many preterm 
infants are exposed to maternal betamethasone, they may have less injury from resuscitation maneuvers (27). 
The study could be expanded to include maternal betamethasone. We previously showed that maternal 
betamethasone decreased lung and airway injury from an escalating VT injury and subsequent ventilation in 
preterm newborn sheep (12). 

Approach: Specific Aim 2. Gestational age differences in response to recruitment maneuvers. 
Introduction: Mechanical ventilation is the primary clinical variable that drives bronchopulmonary dysplasia 
(BPD) (53, 54). The anatomy of BPD (fewer alveoli, decreased microvasculature, and airway remodeling) can 
be caused by mechanical ventilation in ventilated preterm baboons and sheep (55, 56). BPD occurs in 25% of 
VLBW infants and is almost a uniform outcome for infants born with birth weight below 750g (53, 57). 
Strategies to reduce mechanical ventilation at birth tend to decrease BPD (58, 59). However poorly controlled 
interventions to decrease oxygen exposure and mechanical ventilation have not consistently decreased the 
incidence of BPD in very preterm infants (59, 60).  Although the risk of BPD increases as gestational age 
decreases (53), BPD does occur in more mature preterm infants and occasionally in term infants exposed to 
prolonged mechanical ventilation and oxygen.  Of note, even moderately preterm infants without a history of 
lung disease as infants can have pulmonary function tests indicative of airway disease at term and in childhood 
(44).  We will test the hypothesis that recruitment maneuvers will increase lung injury in very preterm lambs 
and have little effect on lung injury in the near-term lamb.  

Justification and feasibility: The fetal human lung is in the saccular stage of lung development between 23 and 
32 weeks of gestation (61) and epithelial injury 
during this period of development likely disrupts 
normal developmental pathways. The cell types 
present in the tracheal and airways change and 
mature across gestational ages. In rhesus 
monkeys, the airway epithelium has ciliated cells 
and mucous secretory cells in the 
pseudoglandular and cannicular stages, with 
basal cells and small mucous granular cells 
appearing by the late cannicular phase (62). All 
cell types are present in the primate airways by 
the saccular phase of development.  Sheep 
develop alveoli earlier in gestation than do 
humans (63). At 100d gestational age, the fetal 
sheep lung is in the late cannicular phase of lung 
development, similar to a 22 week gestational 
human. By 120d the fetal sheep lung has 
transitioned to the late secular/early alveolar 
phase of lung development, similar to human 
airways at about 30 weeks. By 140d of gestation, 
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the fetal sheep has well defined alveolar structures and that are similar to a human infant after term birth. At 
110d GA, fetal lambs ventilated in utero for 1 hour then recovered for 12 hours had epithelial disruption, 
increased proliferation (Ki67 staining), decreased secondary alveolar crests, and alveolar wall thickening (64). 
Fetal lambs at 110d GA that were ventilated in utero for 12 hours then returned to uterus for 7 days had a 
thickened epithelium, increased smooth muscle actin and collagen, and more simplified airspaces compared to 
control lambs (65). Newborn rats are born with saccular lungs. When ventilated with high VT, the lungs have 
different gene expression patterns than adult rats, demonstrating an effect of developmental stage on 
inflammatory activation (66).  Figures 2-4 show lung tissue from sheep at about 129d GA. Although all the cell 
types are present in epithelium of the fetal lung by the third trimester in fetal sheep, the distribution of cell types 
and structure of lung parenchyma strikingly changes between 100 days and 140 d GA (Figure 5).  Initiation of 
ventilation during these different developmental stages should activate different injury and developmental 
pathways which may contribute to the risk of BPD at early gestation ages. 

Fluid moving across epithelial cells generates high surface forces that distort the cells (29).  Similarly, 
epithelial cells that are stretched in vitro have striking acute phase injury responses (67), and the preterm 
sheep trachea is more distendable with pressure than is the term trachea (28).  The injury should be more 
severe in more immature airways with more deformation. As the infant gets closer to term, the degree of injury 
should decrease and the injury pathways that are activated may differ. We found minimal injury from ventilation 
of near term lambs (140 days gestational age (GA), term ~ 150 days) with VT of 8 mL/kg suggesting airway 
stretch is of less concern in term infants (14, 68). At 133 days GA, newborn lambs have variable lung injury 
responses that decrease with the endogenous surfactant pool size increases (lambs with >5% of term 
surfactant levels have less inflammation)(13). No studies have evaluated injury responses in the preterm or 
term lung across relevant periods of lung development. 

Research design: Fetal lambs at 118d, 128d, and 140d gestational age are randomized to either 1) 15 min of 
constant VT ventilation or 2) a  beneficial 
recruitment maneuver (developed in Aim
1a,b) followed by 15 min of ventilation. 
The lambs are then returned to the uterus 
for 30 minutes (total experimental period - 
45 minutes) to allow us to assess acute 
phase responses. The 140d GA (near-
term) lambs will be more mature and 
more difficult to injure. We will compare a 
normal VT of 6-8 mL/kg with a high VT of 
25-30 mL/kg to achieve an injury. 
Although these VT may seem excessive,
clinicians asked to resuscitate newborn 
lambs based on the ILCOR guidelines 
gave an average VT of 17.8 mL/kg (69), 
and clinicians resuscitating preterm 

infants (< 32 weeks) provided tidal volume breaths between 0 to 31 mL/kg (31).   

Expected Outcomes: We will collect tissue to perform molecular measurements similar to those described for 
Specific Aim 1 (Box1). We expect that although the recruitment maneuver may be beneficial in the 128d GA 
lambs, it may cause more damage to the 118d epithelium from increased stretch and sheer effects. Although 
increased VT will be used with the term animals, there will likely be less injury, irrespective of the recruitment 
maneuver. We anticipate that the injury will increase in the very preterm lambs (118d) and different patterns of 
gene activation will occur between the groups. This will provide clinicians and researchers with additional 
biomarkers for lung injury that can be evaluated in clinical trials. 

Potential Problems and Alternative Strategies: Our goal for this study of stretch mediated injury at birth and its 
moderation by a recruitment maneuver will require us to perform a few preliminary studies to identify the VT at 
118d and 140d GA that will initiate injury and the pressures needed to recruit FRC. Multiple reports 
demonstrate that VT and not pressure is the variable causing injury(70). We anticipate higher peak inspiratory 
pressure may be required for the very preterm lungs to achieve our target volumes than for the 128d or near-

Intervention – 15 min ventilation  Time for injury 
progression  

GA  Initial ventilation  Followed by  
15 min VT (mL/kg) 

In utero min N  

118d 
118d 
128d 
128d 
140d 
140d 
140d 
140d 
118d 
128d 
140d 

Constant VT
Recruitment Maneuver 
Constant VT
Recruitment Maneuver
Constant VT
Recruitment Maneuver
Constant VT
Recruitment Maneuver 
Surgical Control 
Surgical Control 
Surgical Control 

6 to 8 
6 to 8 
6 to 8 
6 to 8 
6 to 8 
6 to 8 

25 to 30 
25 to 30 
No VT
No VT
No VT 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

7 
7 
7* 
7* 
7 
7 
7 
7 
5 
5* 
5 

52 singletons 
* Lambs from experiment 1a will be used to decrease animals use
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term lambs. However, higher VT will be needed to injure the near-term lungs. We have the experience working 
with fetal sheep across this range of gestation and do not anticipate problems achieving our study goals. We 
do not know how much difference there will be in acute phase response or in location of injury in the airways or 
parenchyma. This study focuses only on the very early response gene activation that occurs within 30 min. If 
we identify differences that could be of clinical interest, we can expand the studies to longer intervals in utero 
after the 15 min of ventilation to capture progression of injury.  

Approach: Specific Aim 3. Recruitment maneuvers with continued ventilation in the preterm. 
Introduction: The studies in Aims 1 and 2 allow us to explore lung injury and progression in the absence of 
continued ventilation. However, the majority of newborn preterm infants that require ventilation at birth also 
receive assisted ventilation after stabilization at delivery. The additional ventilation may amplify any injury 
response or negate a lung protective strategy used for the initial resuscitation (4). Ventilation studies with 
newborn lambs incorporate the physiologic changes that occur normally at birth, specifically the decrease in 
pulmonary vascular resistance with shunting across the ductus arteriosus, and the loss of the low pressure 
placental circulation. We hypothesize that initiation of ventilation in newborn, preterm lambs using a 
lung protective strategy (developed in Aim 1) will decrease the initial propagation of the initial injury 
(30 min) and the subsequent progression of lung injury in surfactant treated preterm lambs ventilated 
for 4 hrs and 24 hrs. We have previously shown that CPAP from birth can decrease lung injury relative to 
gentle ventilation in more mature lambs (71). We do not propose a CPAP study because lambs at 128d GA will 
not breath spontaneously at birth (15). Investigators are just beginning to determine some of the molecular or 
inflammatory pathways that lead to BPD (6). We will assess whether resuscitation maneuvers can modulate 
inflammatory pathways and acute phase responses in newborn lambs. Our goal is to test if lung protective 
strategies at resuscitation will benefit the lungs with continued ventilation during neonatal transition. 

Justification and feasibility:  We compared initiation 
of ventilation with high VT in fetal lambs maintained 
on placental support with newborn lambs with the 
same initial ventilation followed by surfactant 
treatment and ventilator support for 3 hours (Figure 
6) (4). We found a large amplification of pro-
inflammatory cytokines with continued ventilation. 
Along with the inflammatory response, high VT 
ventilation also increased toll-like receptor (TLR) 
mRNA in the lungs (Figure 6). TLR4, TLR2, and 
Serum Amyloid A3 mRNA also increased in the liver 
(4). The location of cytokine mRNA expression 
patterns differed between groups (Figure 7) (3). 
MCP-1 expression increased in the mesenchyme 
surrounding the bronchioles (Figure 7B) with fetal 
ventilation and throughout the lung parenchyma with 
three hours of ventilation after the initial VT injury 

(Figure 7C). IL-6 mRNA 
increased minimally 3 h after 
the fetal VT injury, but was 
strikingly amplified throughout 
the lung with continued 
ventilation of the newborn 
(Figure 7E-G)  Cytokine 
expression in the lung is 
quantified relative to 
unventilated controls in Figure 
7 (D,H). We used this tissue 
for mRNA sequencing as 
preliminary data for this grant 
to test if the technique would 
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give us similar results and could identify new pathways of interest in the preterm sheep lung (Table 2). Relative 
to controls, we found similar amplification of injury for IL-1β, IL-6, and TLR2. We also identified that MYD88, 
the core intracellular signaling protein for TLR pathways, is increased with 15 min of stretch injury and further 
increased with continued ventilation. In contrast, ICAM-1 (an adhesion molecule important in inflammation) and 

MMP2 (a metalloproteinases involved in extracellular matrix degradation) 
increased with stretch injury, but were strikingly suppressed with ventilation
compared to controls. These preliminary measurements were made using 3 
tissue samples per group. These are examples of how mRNA sequencing 
will allow us to identify new genes and pathways that participate in stretch 
injury of the preterm lung. For the first time we will begin to understand the 
balance of changes that translate to lung injury. A clear example of how a 
stretch injury causes activation of signaling pathways distinct from injury is 
our demonstration that 15 min of high VT  ventilation induced lung maturation 
within 24 hr as indicated by increases in surfactant protein mRNA and Pu.1 

as an indicator of lung macrophage maturation (5).  This aim will combine the animal model with advanced 
molecular techniques to determine if recruitment maneuvers designed to decrease lung injury during 
resuscitation are sustained with ventilation of the newborn.  
Research design: Experiment 3 - Recruitment maneuvers and ventilation of newborn preterm lambs.  

Newborn lambs at 128±1d gestation will 
be randomized to constant VT ventilation 
or a recruitment maneuver identified in 
Aim 1 and then constant VT ventilation for 
15 minutes. The lambs then are surfactant 
treated and ventilated for 30 minutes, 4 
hours or 24 hours, each interval selected 
to optimize the evaluation of injury 
progression and for comparison with fetal 
animals from Aim 1b. 

Animal Manipulation. Date-mated 128 d preterm lambs will be operatively delivered, a tracheostomy 
performed, and lung fluid removed and the lamb delivered. Prior to initiation of ventilation, the newborn lambs 
will be randomized either: 1)  15 min of a standard ventilation (VT 8 ml/kg) or  2) a lung protective maneuver 
(determined by Aim 1), such as a sustained inflation of 30 cmH2O for 20 seconds prior to VT 8 ml/kg for 15 min. 
Ventilation will be continued (rate 40 breaths/min, inspiratory time 0.7 s, FiO2 0.40) with a Drager BL8000+ 
ventilator (Drager, Lubeck, Germany) using a time-cycled, volume-guarantee mode and 8 L/min flow with 
heated and humidified gas and PEEP 5 cmH2O. VT will be escalated to achieve the target VT of 7 to 8 mL/kg by 
5 minutes. At end of the initial 15 minute initial ventilation, lambs will be treated with 100 mg/kg porcine 
surfactant (Curosurf, Chiesi Pharmaceuticals, Italy), as we have done previously(12).  
Following the initial 15 min ventilation period, the volume guarantee ventilation mode will be set at 7 mL/kg and 
the lambs ventilated for 30 min, 4 hrs or 24 hrs with a heated and humidified 40% oxygen and air mixture (50 
breaths/min, PEEP 5 cmH2O, inspiratory time 0.7 s). An umbilical artery catheter will be used for blood gas 
sampling. Blood gases and ventilator setting will be monitored at 5, 10, 15, and 30 min and then every 30 
minutes to 4 h, then hourly during the 24 h ventilation. Lung compliance will also be monitored. Umbilical vein 
catheters will be placed for continuous infusion of Remifentanil (0.05 µg/kg/h; Ultiva, Glaxo Smith Kline, 
Victoria, Australia) and Propofol (0.1 mg/kg/h; Repose, Norbrook Laboratories, Victoria, Australia). The PaCO2 
will be targeted at 50 mmHg by adjusting VT. FiO2 will be adjusted to target a PaO2 of 50 to 100 mmHg, with 
continuous pulse oximetry monitoring and PaO2 measurements. Temperature is maintained under radiant 
warmers with core temperatures continuously monitored. The lambs will have plasma samples and tracheal 
aspirates collected (Box 2). The lambs will be killed with a lethal intravenous dose of pentobarbital (100 mg/kg, 

Valabarb, Jurox, NSW,Australia) 45 minutes, 4h or 24 h after 
delivery. In addition to the lung tissue sampling described in Aim 1 
(Box 1) and tissue from other organ will be collected (liver, 
thymus, posterior mediastinal lymph node, spleen).  

Expected Outcomes: We will perform similar measurements as for Specific Aim 1. We anticipate that the 
recruitment maneuver will decrease the acute phase activation and release of inflammatory substances into 

Initial intervention – 15 minutes Surf 
TX 

Subsequent  
Ventilation 

Animal #  
(128d GA) 

Standard ventilation (VT 7-8 mL/kg) 
Protective ventilation (Aim 1)   
Standard ventilation (VT 7-8 mL/kg) 
Protective ventilation (Aim 1)   
Standard ventilation (VT 7-8 mL/kg) 
Protective ventilation (Aim 1)   
Unventilated Controls 

+ 
+ 
+ 
+ 
+ 
+ 

None 

30 min 
30 min 

4 h 
4 h 

24 h 
24 h 
None 

7 
7 
7 
7 
7 
7 
5 

47 singletons 

Box 2: Plasma and Tracheal Aspirate sampling 
Group 15m 45m 2h 4h 8h then q4h 
45 min X X    
4 h X X X X  
24 h X X X X X 

 

Table 2: mRNA  fold changes in  
Fetal and Newborn models 

Fetal  Newborn  
(Fold Change vs Control) 

IL-1β   11.6 46.6 
IL-6 10.8 288 
TLR2 1.5 8.8 
MYD88 1.5 3.6 
ICAM-1 3.8 -6.6 
MMP2 2.4 -4.5 
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the BAL at 45 minutes. There will be decreased pro-inflammatory responses with less inflammatory cell 
recovery into the BAL at 4 hours with the protective strategy. We will compare the magnitude of changes 
between the ventilated newborn lambs with those evaluated in the fetal model at corresponding time points 
(Aim 1). We anticipate that continued ventilation, even in the setting of surfactant treatment, will amplify the 
injury response and may blunt repair pathways that may begin after the injury in the fetal model. Although we 
currently have measures for determining differences between groups (Box 1), the information derived from 
mRNA sequencing in Specific aims 1 and 2 will be used to identify additional predictors and pathways. The 
ventilation for 4 and 24 hours will allow us to test the utility of the recruitment maneuvers in a real life 
simulation. If the recruitment maneuver decreases the release of immune active substances, then by 24 hours 
we should have better ventilation and oxygenation for the recruitment maneuver group relative to the constant 
VT “standard care” group. The collection of plasma and tracheal aspirates throughout the experiments will allow 
us to identify inflammatory and protective substances that are accessible clinically for evaluation .  

Potential Problems and Alternative Strategies:  We anticipate no problems performing the proposed 
measurements. We have extensive experience with the ventilation of newborn lambs in the facilities in 
Western Australia.  As with the fetal surgery model, the newborn model can be expanded to test a variety of 
resuscitation maneuvers. Novel pathways that are discovered can be explored in future studies using 
alternative resuscitation techniques and inhibitors to target particularly injurious pathways that would be given 
within 24 hr of the birth and ventilation. A limitation is the 24 hr interval of ventilation relative to identifying 
structural changes that would reflect progression to BPD.  

Work Plan for the Specific Aims.  These animal studies will be performed in Western Australia with our 
collaborators Drs. Newnham and Kemp.  The advantages of performing the animal procedures and tissue 
collections in Western Australia are 1) the sheep are healthy, selected for uniformity of age and size, and are 
genetically uniform Merino ewes and 2) the breeding is performed by experienced personnel, (Over the past 10 
years, the singleton pregnant ewes are at precisely the gestational ages that we have requested); 3) the ewes 
are kept in large outside paddocks and given supplemental food to optimize nutrition and moved at the same 
time to the research facility; and 4) all studies will be performed at the peak of the breeding season.  Animals of 
this quality and uniformity are not available in the US.  About 40 to 50 fetal surgeries and deliveries per year 
will be performed. The sum of the animals for the experiments described is 191, but there will be some losses 
and a need for a few pilot studies to develop the FRC recruitment maneuvers. Autopsies will be performed by 
Drs. Hillman and Jobe and tissues will be shipped to Cincinnati for molecular analysis. 
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VERTEBRATE ANIMALS 

The vertebrate animals to be used in this study are the sheep. The sheep studies will be performed at the 

University of Western Australia. Detailed protocols and standard operating procedures are in place to 

ensure appropriate handling, minimize pain, and suffering to the sheep.  The protocols are fully reviewed 

by the Animal Ethics Committee for the University of Western Australia.  All animal work is supervised by the 

veterinary staff at the University of Western Australia.  These experiments are performed at the Large 

Animal Facilities on the UWA campus or at Shenton Park, a UWA animal research facility in Perth. 

1. Detailed description of the proposed use of the animals. This translational research project will use

preterm fetal sheep as a model for neonatal lung injury and repair  because the injury procedures can be 

carefully designed and accurately controlled and lungs can be removed for multiple assessments of injury 

and repair. The fetus will be exposed to the injuries while exteriorized from anesthetized ewes. Fetal sheep 

will be returned to uterus while maintaining placental blood flow and maternal anesthetics. Fetal lambs will 

be delivered at intervals up to 24hr after an intervention and euthanized.  Intravascular arterial and venous 

catheters may be used for fetal evaluation and drug administration.  For study of ventilated newborns, fetal 

sheep are delivered of anesthetized ewes, intubated, and fully sedated following placement of umbilical 

artery and venous lines.  The lambs are ventilated and cared for using modern neonatal ICU equipment for 

up to 24hr. 

2. Justification. This translational research will evaluate fetal and newborn lung injury from resuscitation

maneuvers. Lung injury assessments require not only the lung, but also a normal systemic circulation and 

systemic injury response systems. We have chosen sheep for these studies because we can use the same 

equipment used clinically to achieve injury, measure physiologic outcomes, and collect multiple biochemical 

and molecular measurements on the same animal. Results with preterm sheep were predictive of surfactant 

treatment and metabolism, and the sheep is the standard large animal model in general use in perinatal 

medicine. It is impractical to evaluate clinically relevant lung injuries using fetal rodents. The fetal model will 
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allow us to maintain the pregnancy to study epithelial and airway injury. While fetal baboons could be used, 

they are far more valuable and not appropriate for a mechanistic project of this scope. Animals are 

minimized using a group size of about 6 under standardized conditions in a very uniformly responding 

animal model. 

3. Veterinary care. The animals will be bred for the project with supervision by the veterinary services of the

University of Western Australia. The ewes are under the supervision of the veterinary services from 

the University of Western Australia for the duration of the experimental period.  

4. Procedures to minimize pain and discomfort. For deliveries the ewes are pre-anesthetized with Ketamine

(10 mg/kg) and medetomidine given by IV injection. The ewes are then given spinal-epidural anesthesia 

(4mL of 2% lidocaine). For fetal surgeries, the ewes are given the same pre-anesthetics, intubated and 

anesthetized using isoflourane and mechanical ventilation. The inhalant anesthetic will provide anesthesia 

for the lamb during fetal surgery. The ewes will be recovered after surgery, receive infiltration of the incision 

site with ropivacaine and monitored until walking and feeding. For post-operative analgesia, a fentanyl patch 

will be applied to the groin.  For preterm lambs to be ventilated after operative delivery, an umbilical vein 

catheter is placed at delivery and the animal is anesthetized with continuous infusions of Remifentanil (0.5 

µg/kg/hr) and Propofol (0.1 mg/kg/hr).  We have developed detailed standard operating procedure with the 

help of a veterinary sheep anesthetist, Gabriel Musk, DVM, and these analgesia conform to the veterinary 

guidelines. 

5. Euthanasia. The ewes and fetal sheep will be euthanized by lethal injection of 100 mg/kg pentobarbital

administered in the umbilical vein of fetus and peripheral vein for the ewe. The animal is then 

exanguinated. This method of euthanasia is recommended for sheep by the Panel on Euthanasia of the 

AVMA. 
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Consortium/Contractual arrangements: The project will be performed as a collaborative project 
between Cincinnati Children’s Hospital and The University of Western Australia. The principal 
investigator and the co-investigators on this grant have had a long-standing collaboration over 21 years. 
There have been about 25 collaborative publications in the last 6 years. 

Programmatically, Dr. Jobe is the Principal Investigator, while Dr. Newnham is the principal investigator 
of the sub-contract award and Dr. Kemp is a co-investigator. Dr. Jobe will be the overall director of the 
scientific component of the grant. Drs. Newnham and Kemp will supervise all aspects of sheep breeding 
and fetal surgeries. The sheep will be purchased by the University of Western Australia from 
professional sheep breeders. For the duration of the experiments, the sheep will be housed at the 
facilities of the Univ. of Western Australia. 

The grant will be administered by the Business Office of the Division of Neonatology under the auspices 
of the Sponsored Programs Office of the Cincinnati Children’s Hospital Research Foundation. The 
administrative business director will correspond with the Business Office of the School of Women’s and 
Infant’s Health, University of Western Australia as required. The consortium costs will be paid for by 
Cincinnati Children’s Hospital as a quarterly payment to the University of Western Australia. 
Approximately 30% of the direct costs of the grant will be paid as a sub-contract to the Univ. of Western 
Australia. 

The grantee will be Cincinnati Children’s Hospital and not the Univ. of Western Australia because the 
primary scientific input in to the formulation of the grant idea, generation of Preliminary data and the 
experimental approach, data analysis for the grant is generated/performed in Cincinnati. The 
collaboration represents a true complementation of the expertise in Cincinnati and Perth, Australia such 
that the combined output is more than the sum of the parts. 
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RESOURCE SHARING 

1. Data Sharing – Does not apply since requested funds are below $500,000 in any year.
2. Model organisms – Development of model organisms is not planned in the grant.

We have fully shared probes and reagents with other investigators over the years and will continue to do so. 
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PHS 398 Checklist

OMB Number: 0925-0001 

1. Application Type:
From SF 424 (R&R) Cover Page. The responses provided on the R&R cover page are repeated here for your reference, as you answer
the questions that are specific to the PHS398.

* Type of Application:

Federal Identifier: 

2. Change of Investigator / Change of Institution Questions

Change of principal investigator / program director

Name of former principal investigator / program director:  

Change of Grantee Institution

* Name of former institution:

3. Inventions and Patents    (For renewal applications only)

* Inventions and Patents:

If the answer is "Yes" then please answer the following:

* Previously Reported:

Prefix:
* First Name:
Middle Name:

* Last Name:

Suffix:

New Resubmission Renewal Continuation Revision

10961377

NoYes

NoYes
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4. * Program Income

If you checked "yes" above (indicating that program income is anticipated), then use the format below to reflect the amount and  
source(s).  Otherwise, leave this section blank.

Is program income anticipated during the periods for which the grant support is requested?

*Budget Period    *Anticipated Amount ($) *Source(s)

Yes No

5. * Disclosure Permission Statement

If this application does not result in an award, is the Government permitted to disclose the title of your proposed project, and the name, 
address, telephone number and e-mail address of the official signing for the applicant organization, to organizations that may be 
interested in contacting you for further information (e.g., possible collaborations, investment)?  

NoYes
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